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REVISION OF THE PALjEOCRINOIB^A. 



PabtIII. ' .--. 

DI8CUSSION OF THE CLASSIFICATION AND RELATIONS C&\ 
THE BRACHIATE CRINOIDS, AND CONCLUSION V- 

OF THE GENERIC DESCRIPTIONS. 



Introductory Remarks. 

During the five years that have elapsed since the publication 
of the first part of this work, great progress has been made in 
the study of the Crinoids, both recent and fossil, and many new 
and interesting forms have been discovered and described. 

A number of publications have appeared, which must be 
regarded as among the most important contributions that have 
ever been made to the literature of the subject. During the 
course of our studies for the present paper, we have had the 
benefit of these discussions and researches, in many instances 
through the personal kindness of our scientific friends. We have 
been especially favored in this respect by receiving from Dr. P. 
Herbert Carpenter many of the proof-sheets of plates and text, 
in advance of publication, of his magnificent work on the Crinoids 
of the Challenger collections. This has been of the utmost value 
to us, and we feel that we cannot be too grateful to the distin- 
guished author for his courteous attention. 

We may be pardoned for alluding to the satisfaction we have 
felt at the kind reception our work has met, at the hands of our 
co-laborers both in this country and in Europe. That our views 
would encounter criticism, was expected, and indeed desired by 
us. The criticisms have for the most part been made in a true 
scientific spirit, with a view to elucidating the truth. They have 
in many cases been of value to us, and have enabled us to review 
the questions raised in a new light. As a matter of course errors 
on our part have been discovered and pointed out. 

In the meantime we ourselves have learned a great deal more 
about Crinoids than we knew at the time we wrote our first part, 
independently of the discussions and criticisms above referred 
to. We have now a far more complete collection of the literature 
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than. exited in the United States at that time. Our materials 
for, Mtfdy in the way of specimens have also been greatly aug- 
mented, and for many of the advantages we possess in this 
••respect we are under extraordinary obligations to the naturalists 
, and collectors of the United States and Canada. Many of these 
;. gentlemen, with rare liberality, have placed their collections at 
four disposal, and forwarded to us, at the risk of loss in transit, 
unique, valuable and original specimens. We desire to express 
our grateful thanks for favors of this kind to Prof. Whiteaves, 
Director of the Canada Survey ; Prof. Whitfield, of the American 
Museum, New York ; Dr. C. A. White, of the Smithsonian Insti- 
tution ; Prof. Worthen, Director of the Illinois State Survey ; Mr. 
Walter R. Billings, of Ottawa; Mr. S.A.Miller and Prof.Wetherby, 
of Cincinnati ; Mr. I. H. Harris, of Waynesville, 0.; Mr. William 
Gurley, of Danville, 111.; Mr. R. R. Rowley, of Curryville, Mo.; 
Mr. James Love, of Burlington, Iowa, and others. We are also 
under great obligations to our friend, Orestes St. John, who 
executed the drawings which illustrate this paper. We consider 
ourselves peculiarly fortunate in enlisting the co-operation, for this 
purpose, of one who is both a trained and able naturalist and a 
skilful artist. 

As a result of our recent researches, we have naturally been led 
to entertain new ideas, and in some cases to a modification of 
views at first entertained. 

In the present paper, which appears as Part III of the Revi- 
sion, we give a description of the genera that have not been 
considered in Parts I and II, and shall also state the results oi 
our further studies in their bearing upon the genera heretofore 
discussed. 

In the beginning of this work we recognized two great divisions 
among Crinoids, viz.: Palseocrinoidea and Stomatocrinoidea, for 
the latter of which we afterwards adopted Carpenter's preferable 
name Neocrinoidea. We divided the Palseocrinoidea into three 
great families, based upon as many distinct plans of structure. 
We did not at first undertake to identify the different subgroups 
into which these might be divided, except provisionally in some 
instances, although we recognized the propriety of such subdi- 
vision. Prof. Zittel had established twenty-two families of 
Crinoids, and while his classification has great merit, and is in 
many essential particulars in accordance with our own views, it 
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was defective in not recognizing the more comprehensive relations 
which exist among these animals. His groups failed to express 
the distinctions in plan of structure, which we have pointed out. 
While we are satisfied that the necessities of classification 
require the recognition of a large number of family groups, which 
we have not hitherto sought to define, we are more than ever 
convinced that the three great groups which we originally estab- 
lished, are the only really reliable ones, for the reason that they 
are founded upon well-defined plans of structure. 

The Plates of the Abactinal System. 

Dr. P. Herb. Carpenter in his Challenger Report, p. 1, describes 
" the organization of a Crinoid to be broadly divisible into two 
well-marked portions, " to which he applies the general names 
"ambulacral and antiambulacral." The ambulacral portion is 
" the visceral mass or disk in which is situated the whole of the 
digestive tube with both its terminal openings, and it contains the 
central ends of the radial water-vessels and blood-vessels." The 
antiambulacral portion u consists of the stem and its appendages, 
the calyx, and the skeleton of the rays, arms and pinnules." The 
two portions, he states, correspond on the whole to the actinal 
and abactinal systems of Echinoderms generally, and were de- 
veloped, respectively, around the left and right water-tube, or 
what are generally called the left and right larval antimers. 
The whole of the calyx and the arm skeleton are formed on the 
right antimer ; the disk and the extensions of the peristome, and 
the perisomic plates clothing its ventral surface, on the left 
antimer. 

In all recent Crinoids, and so far as known, in all Neocrinoids, 
the calyx is restricted to the dorsal side of the Crinoid, and all 
structures along the ventral side form a part of the disk or its 
extensions. The calyx consists of. few plates, as a general rule 
only of basals and radials. Comparatively few genera have under- 
basals. Interradials have been described only in Guettardicrinus, 
in a few species of Apiocrinus, in Uiniacrinus, and in the remark- 
able recent genus Thaumatocrinus which exceptionally also has 
anal plates. None of these plates, however, extend beyond the 
limits of the dorsal cup. 

In the Palaeocrinoidea the structure of the calyx is much more 
complex. Undcrbasals are represented in nearly one-half of the 
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known genera, and all have interradials, by means of which fre- 
quently a large series of arm plates are incorporated into the 
calyx, and thereby elevated to the rank of radials. The term 
"calyx," although applied sometimes in a general way to the 
whole skeleton exclusively of arms and column, has been of late 
restricted to the dorsal cup, and all structures upon the ventral 
surface were called variously vault, dome or disk. It has been 
the general opinion that all plates located ventrally, in analogy 
with the Neocrinoidea, either were perisomic, or at least formed a 
part of the actinal system. This is the view expressed by Car- 
penter in the Challenger Report, and we must acknowledge it 
was our own until quite recently. We now hold that a large part 
of the ventral surface, throughout the Palfleocrinoidea, was covered 
by abactinal plates, and that the calyx extended to the summit 
pieces, the so-called " apical dome plates." In this sense the 
term " calyx " will be used by us in this part of the Revision, 
while the plates beneath the free arms comprise the " dorsal cup." 
We further use the term " ventral disk " exclusively to denote the 
upper surface of the visceral mass, in which the mouth is situated, 
and from which the food grooves radiate outward. The " disk " 
is clothed by the " perisome," which may be exposed to view or 
subtegminal, simply membranous or studded with plates ; if sub- 
tegminal, it is covered by the " vault," which may be rigid or 
pliable. 

The name " Camarata " is proposed for all Palfleocrinoidea in 
which the lower arm plates are incorporated into the calyx by 
interradial plates, and in which all component parts of the test, 
dorsally and ventrally, are solidly connected by suture. 

Under the name "Articulata " we include those families in 
which the plates of the test are united by loose ligaments or 
muscles, and in which they are somewhat movable. 

The name " Inadunata " is proposed for all Palfleocrinoidea in 
which the arms are free above the first radials and which have 
five single interradials, located ventrally. 

These groups will be better defined at the proper place. 

A. The Basals and Underbasals. 

The basals are represented in the Palfleocrinoidea by one or two 
rings of plates. The basals proper constitute the first ring beneath 
the radials ; the second or proximal ring contains the underbasals. 
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There is, however, one exception to this rule, presented by the 
remarkable genus Acrocrinus (PL 6, fig. 1), in which the basals 
and radials are separated by from four to fifteen rings of small 
pieces, their number varying in species, and increasing in the 
growing Crinoid. 

The plates of the basal ring are laterally connected except in 
the two genera Zeacrinus and Calpiocrinus. In the former they 
are small, trigonal, acuminate pieces, which externally, and also 
at the inner floor of the calyx, are separated by the radials, which 
with their truncated lower angle meet the underbasals. In CaU 
piocrinus four of the basals seem to be totally absent externally, 
and only the posterior one is represented by a small quadrangular 
piece. The underbasals differ considerably in size, and are fre- 
quently covered entirely by the column. In such cases it is often 
exceedingly difficult to distinguish them from the upper stem 
joint. Several species have been described with underbasals 
which do not possess them, and Heterocrinus and Glyptocrinus 
were thought to contain species with underbasals and without 
them. 

Considering the importance that has been given to the presence 
of underbasals in classification, and the difficulty of identifying 
them in some groups, it is of some importance, that we have 
discovered a method, by which, in most cases, the presence or 
absence of underbasals can be ascertained accurately from the 
column, the position this occupies toward the general symmetry 
of the calyx ; from the outer angles of the stem joints, their posi- 
tion and that of the cirrhi, whether these are radial or interradial, 
and from the direction of the rays in the axial canal. The follow- 
ing rules prevail : — 

1. In species with underbasals, whenever the column is pentan- 
gular, its longitudinal angles are directed inter radially, the sides 
and columnar cirrhi radially ; on the contrary, in species with 
basals only, those angles are radial, the sides of the column and 
the cirrhi interradial. 

2. When there are underbasals and the column is pentapartite, 
the five sections of the column are radial, the longitudinal sutures 
interradial, the radiation along the axial canal radial; but the 
opposite is the case when basals only exist. 

For further particulars we refer to our diagrams on Plate 6, 
which represent species of widely different groups ; and we will 
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state that, notwithstanding wc have made the most scrupulous 
researches throughout our extensive collections and closely 
examined the descriptions and figures, we have not found a single 
exception to this rule among all Palseocrinoidea. There are slight 
deviations, caused by the quadrangular form of certain columns 
in species which have otherwise a pentamerous symmetry, but we 
find this also among the basals, which, when composed of four 
pieces, cannot be strictly interradial. 

Among Neocrinoidea, our investigations could be extended 
only to comparatively few genera, as unfortunately these forms 
have either a round column or a circular canal. Only in a few 
species of Pentacrinus, Miller ocrinus and Apiocrinus did we 
succeed in making out one or the other of these points. In these 
genera, underbasals are said to be absent, but, curiously enough, 
the outer angles of the column are interradial, the cirrhi and 
radiation along the axial canal radial, exactly as in the column of 
Palaeocrinoidea with underbasals, and what is more remarkable, 
as in Extracrinus, in which, on the contrary, underbasals are said 
to be present. The latter seems to suggest that probably many 
Neocrinoidea either possess small underbasals, or these were 
present in their larval form. This view is strengthened by the 
fact that underbasals have been found lately in the younger 
stages of many Ophiurids and Asteroids. 

From our observations it is proved conclusively that the under- 
basals are not developed from the upper stem joint, as had been 
supposed by some writers, but represent an independent element, 
as shown by the fact that the longitudinal sections in Crinoids 
with a quinquepartite column, always alternate with the proximal 
plates in the calyx. It is also now apparent to us that the under- 
basals are morphologically of greater importance than has been 
generally supposed. 

Carpenter's important discovery that the basals represent the 
genitals, the first radials the oculars of the Echini, and conse- 
quently that the proximal radial ring of plates in dicyclic Crinoids 
cannot be basals, has been now generally conceded by European 
naturalists, while in America it has been accepted only by Prof. 
Wetherby, Prof. Williams and ourselves, although no objections 
were urged against it until lately by S. A. Miller. The latter, 
instead of attempting to prove the falsity of Carpenter's views, 
makes the singular remark that the use of the term underbasals, 
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in describing species " has given rise to the expression " " under- 
basals obsolete," " which everyone must concede is ridiculous." 
Is the phrase " subradials unrepresented " or u obsolete " less 
ridiculous to Mr. Miller, especially considering that those plates 
are interradial in position? He further says: "The policy 
of changing the nomenclature may well be doubted." "The 
claim is made that the change will bring the nomenclature used 
in defining recent Crinoids in conformity with that used in 
describing fossils, but as long as this is doubted, it is better to 
adhere to the established or prevailing methods of description." 
We cannot see what this has to do with recent and fossil Crinoids. 
If it is right in the one group it is right in the other, for they are 
built fundamentally on the same plan. The question is simply 
this: In Crinoids with a dicyclic base are the plates of the 
proximal ring or those of the inner ring the homologues of the 
basals in monocyclic Crinoids ? If the latter is the case, and we 
think it has been most satisfactorily proved by Carpenter, the 
term basals should be applied in all cases to the interradial ring, 
no matter what the " prevailing methods " have been heretofore. 
Certainly Mr. Miller would not call the anus of fossil Crinoids 
the mouth, for the reason that it was called so by the most 
eminent earlier writers. Besides, the term " subradials " is illog- 
ical, as the plates to which the name was applied are interradial 
in position. 

In the Xeocrinoidea,the basals, with the exception of Hyocrinu8 f 
consist of five pieces, and in comparatively few cases an anchy- 
losis took place. In the Pakeocrinoidea, however, among Crinoids 
with a monocyclic base, anchylosis of two or more of its plates is 
the rule. We find five basals only in Silurian genera, but asso- 
ciated with one genus having four. Four basals do not prevail 
beyond the Devonian, and apparently not beyond the middle 
portion of it. Three basals commence in the Upper Silurian and 
continue to the close of the Subcarboniferous, while two basals 
are found exclusively in the latter epoch. 

The number of underbasals is five, with but few exceptions. 
Xenocrinus has four ; the Ichthyocrinidse, Gissocrinus, Lecythio- 
crinua, Tribrachiocrinus, three ; while in the Carboniferous 
Stemmatocrinm the underbasals form a perfectly anchylosed 
disk. The latter was taken by Carpenter to be a top-stem 
joint, an interpretation which we cannot accept, but as we 
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discuss this question under Stemmatocrinus, we need not enter 
upon it here. An anchylosis of the underbasals occurs also 
in Agassizocrinus by the deposition of new material around the 
outer surface before reaching maturity, by means of which the 
sutures externally and internally become obliterated. The same 
is the case with the basals in Edriocrinus. 

In cases of three unequal basals, the position of the smaller 
plate varies among the different orders, but is unchanged in the 
same one. In all Palaeocrinoidea this plate is located between 
the anterior and left postero-lateral ray (PI. 6, figs. 21, 25, 26); 
in the Blastoidea between the anterior and right postero-lateral 
ray (PI. 6, fig. 24); in the recent genus Hyocrinus immediately 
to the right of the anus (Challenger Report, p. 218). In genera 
with only two basals, such as Dichocrinus, Talarocrinus, Pteroto- 
crinus and Acrocrtnus, the interbasal suture passes from the 
posterior to the anterior side (PL 6, fig. 3, and PL 9, fig. 1). 
When there are three unequal underbasals, as in the case of the 
Ichthyocrinidae (PL 6, fig. 23), and in Tribrachiocrinus (PL 6, 
fig. 5), the smaller one is placed anteriorly. 

B. The Radial and Arm Plates. 

With the exception of Acrocrinus, the radials proper, the repre- 
sentatives of the oculars, constitute the first row of plates 
succeeding the basals, with which they alternate. In most of the 
Palaeocrinoidea they do not form a continuous ring, being inter- 
rupted posteriorly by an anal piece, and sometimes by additional 
plates, while in some groups all five radials are separated by five 
interradials, so as to form jointly a ring of ten plates around the 
basals. In the Palaeocrinoidea generally, the radials and their 
associates are united by suture with each other and with the 
basals. In Cromyocrinus the union is by syzygy, but in a few 
of the later Poteriocrinidae those plates are provided laterally, 
and toward the basals, with more or less deep fossae, which 
suggest a less close union and a certain degree of mobility. In 
some species of Forbesiocrinus, Ichthyocrinus and Taxocrinus, and 
probably in the Ichthyocrinidae generally, the radials were united 
with one another by muscles ; with the interradials, however, by 
ligament, their lateral faces being provided with deep fossae and 
dentations along the edges. (PL 5, figs. 3-5). 

In some Silurian genera, the radial at the right posterior side 
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makes an exception to the general rule, by either not touching 
the basals at all, or only toward the right, as in most of the 
Poteriocrinidse and Cyathocrinidae, while the lower left side abuts 
against the azygous plate. 1 In still others, one or more of the 
radials are compound, consisting of two sections, horizontally 
connected by suture, which, combined, have about the form and 
size of the adjoining single radials, and are succeeded by the same 
number of brachials as the others. This peculiar structure, which 
to some extent disturbs the general symmetry, and which occurs 
throughout different families, but only among Silurian and Lower 
Devonian genera, is evidently of some importance as representing 
a very early phase of these Crinoids. The lower segments are 
probably embryonal plates, which were resorbed by the upper 
segments, i. e., the permanent radials ; in a similar manner as the 
azygous and anal plate are resorbed by the right posterior radial, 
which in most of the earlier Inadunata either is missing, as in the 
case of Baerocrinus, or, as in others, imperfectly developed. In 
Baerocrinus* one of the earliest known Crinoids, the azygous 
piece forms a continuous ring with its four radials, and has the 
same proportion. In the allied Hoplocrinus, however, the right 
upper corner of the azygous plate is absorbed and replaced by a 
small trigonal arm-bearing piece, the right posterior radial ; the 
left corner of the plate remaining intact. This is taken up by the 
anal piece in Hybocrinus. In Dendrocrinus the azygous plate is 
reduced to the size of the posterior radial, with which it is con- 
nected by a horizontal suture. In Homocrinus this suture assumes 
a sloping position, thereby again decreasing the proportions of 
the azygous plate. In Poteriocrinus the latter is reduced to quite 
a narrow piece, and the radial toward the right is almost as large 
as that on the opposite side. In Cyathocrinus and Graphiocrinus 
the azygous plate has disappeared entirely, and both posterior 
radials are equal in size, but separated by an anal piece. In 



1 The term " azygous plate " is used here, and throughout Part III, exclu- 
sively for the unsymmetrical lower plate of the posterior (anal or azygous) 
interradius, the so-called " first anal plate " of most American writers. We 
reserve the term "anal piece' ' for the plate enclosed within the ring of 
radials. 

* For further information on Baerocrinus, and the gradual resorption of 
the azygous and anal plate in the Inadunata generally, we direct attention 
to our paper on Hybocrinus, Hoploorinus and Baeroerinus; Amer. Journ. 
Set., 1883, vol. xxvi, p. 865. 
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Erisocrinus the anal plate also is resorbed, and all five radials 
are perfectly uniform. 

Comparing the gradual reduction of the azygous piece, from a 
strictly radial non-arm-bearing plate to its ultimate resorption by 
the right posterior radial, with the modifications which the lower 
sections of the compound radials undergo among species, it 
appears to us that the azygous piece may represent the lower 
segment of the posterior radial. This is further suggested by 
the genera Anomalocrinus and Heterocrinus, in which the azygous 
piece, upon its truncate upper side, supports the right posterior 
radial, which has the form and position of the upper section of 
the compound radials ; while the azygous piece has the form of 
their lower section. The respective plates in both cases resemble 
each other so closely, jointly and separately, that they were all 
described as radials. 

In the Actinocrinidae, Platycrinidffi, Rhodocrinidae, and in all 
groups in which the general symmetry is not disturbed by the 
presence of an azygous plate, the radials are more or less equal 
in size, the only remarkable exceptions being the Catillocrinidae 
and Calceocrinidae. In Gatillocrinus only the two anterolateral 
radials are approximately alike. All the others differ widely in 
shape and size, and while these two plates support from fourteen 
to thirty arms each, the three others have rarely more than one. 
Another peculiarity of this genus is that it has no axillary plates, 
all the arms being given off directly from the radials without the 
assistance of brachials. Cateeocrinus has but three radials, of 
which the anterior one is composed of two parts, which, however, 
are not always continuous. 

Our view, that the arms fundamentally commence with the 
plate above the first radials, whether this is free or incorporated 
into the calyx, has been fully accepted by P. H. Carpenter, Chall. 
Rep., p. 48, who further proves it by the developmental history of 
the plates. The outer radials, he states, " commence as imperfect 
rings, which soon become filled up with lengthening fasciculated 
tissue, just as in the case with the stem joints and later brachials ;" 
but " the first radials, like the basals and orals, commence as ex- 
panded cribiform films." He further agrees with us that in 
practice, for purposes of description, it is more convenient to 
regard the arms as commencing with the first free plate, provided 
their real nature is not lost sight of. 
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The mode of union between the higher radials is either by 
suture or articulation. A sutural union is found in the Actino- 
crinidaB, Rhodocrinidae, Platycrinidae, Eucalyptocrinidae, and all 
genera for which we propose the collective name Camarata. Union 
by articulation prevails in the radials of the Ichthyocrinidae, 
Crotalocrinidae and the Articulata generally. In most of the 
Ichthycrinidae, the transverse faces had muscles and ligament so 
as to permit motion in all directions (PL 6, figs. 3, 4). The lateral 
faces contain deep fossae, surrounded by a dentated margin (PL 
6, fig. 5). P. H. Carpenter and other writers express the opinion 
that in Platycrinus also the first radials were united to the outer 
plates by articulation. They evidently were led to this supposi- 
tion by some of the figures, which show what appears to be a 
transverse articular ridge, but which really marks out the inner 
end or termination of the small wedge-shaped second radial. This 
plate, in many of the Platycrinidae, does not extend out to the 
end of the scar, the remaining part being only covered by the 
third plates. We have examined thousands of detached radials 
of this genus, which indicate plainly that the union was in most 
of the species by syzygy, and this explains why the upper radials 
became so generally detached. Others are joined by a more or 
less close suture, but none by muscles. 

The primary radials of the Camarata consist as a rule of three 
plates, exceptionally of two or four. Platycrinus generally has 
two, but here the second and third evidently were anchylosed. 
Many plates show a depression indicating the former suture, which 
in some of the earlier species is yet visible. The second radial 
of Stereocrinus has the proportions of the combined second and 
third of the allied Dolatocrinus, and the same is true with regard 
to Anthemocrinu8 and Eucrinus. In Batocrinus the second radial 
is short, linear, and found occasionally anchylosed with the third. 
Four primary radials occur in Beteocrinus^ and also in the im- 
perfectly known Schizocrinus. From Hall's figure of Schizo- 
crinus heterodactylus, N. York Palaeont., i, PL 28, fig. 3 a, it would 
appear as if the first and second plate combined were equivalent 
to the first radial in other genera, and here, as in the case of Hete- 
rocrinu8 and Hdplocrinus, composed of two parts. 

In the Articulata the numbers of their primary radials is more 
variable, and the presence of four radials by no means the excep- 
tion ; but four are often associated in the same specimen with 
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three or five. Taxocrinus Egertoni Phill. (Geol. Yorksh., PL 3, 
fig. 39), even has seven in one, and six in another ray. Onycho- 
crinus very frequently has five, Ichthyocrinus generally three and 
four in alternate rays, Taxocrinus three or four, Forbesiocrinus 
robu8tu8 three and two, and Pycnosaccus two as a rule. Forbesio- 
crinus Agassizi sometimes has two primary radials in one or more 
of its rays, most frequently three, but very often four, and all are 
articulated on a similar plan. 

The secondary and higher orders of radials in the Camarata 
rarely consist of more than two plates, sometimes, however, of 
one, three or even four. Only Glyptocrinus, Eeteocrinus and 
allied genera sometimes have a larger number. In the typical 
Actinocrinidse, which branch from alternate sides, the higher 
orders consist as a rule of a single piece to each division of the 
ray, which always at the one side supports the radial of the suc- 
ceeding order, at the other a row of brachials. The latter, how- 
ever, as should be expected from the term, are not free, but 
connected laterally by suture with their fellows of alternate orders. 
In the Ichthyocrinidae, the higher orders of radials agree in num- 
ber and form, more or less, with the primary ones, and all are 
similarly articulated. 

Free rays are found as a rule in the Platycrinidse ; in Euclado- 
crinus they extend to nearly the full length of the ray, giving off 
alternately from every second or third plate an arm, and two at 
the distal end. Similar rays are formed in Steganocrinus and in 
Melocrinm; among the Rhodocrinidse in Bipidocrinus. 

The arms of the Camarata bifurcate in their free state only in 
the genera which Zittel included under the name Glyptocrinidae, 
in the Rhodocrinidse, and in a few Actinocrinidae, but all branch 
at least once in the calyx. In all young specimens, as well as in 
the earlier forms, the arms are composed of a single row of plates, 
which gradually, embryologically and paleontologically, turn into 
wedge-shaped pieces at the distal end, or even interlock, while in 
all later genera the arms are composed of alternate joints. In 
the Upper Silurian, the biserial arm structure predominates and 
there is not a single species with uniserial arms in the Devonian. 
Among the free arms there are no syzygies, but every joint in 
this group bears a pinnule, and these are frequently so closely 
folded together, that they appear as if suturally connected. In 
the Articulata, all arms are composed of single joints, which in 
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their external form agree with the higher radials, being only 
narrower, and free plates. 

In the Inadunata, in which the arms are free from the first 
radial, the homologues of the outer primary radials, which we 
have distinguished as brachials, vary in some genera considerably 
in number. The greatest variation in this regard occurs among 
the typical Cyathocrinidte (Cyathocrinites as we called them here- 
tofore), in which the number varies even among the rays of the 
same species, so much indeed, that one ray may have one, the 
adjoining two, the next perhaps five or six. The other groups 
have rarely more than two brachials, and most of them but one. 
The brachials are regular arm plates, with a well-developed ambu- 
lacra! furrow, but without pinnules. The arms are composed of 
single joints, except in the Poteriocrinidse and Eucrinidae, in 
which the biserial arm structure is associated with the uni serial 
one. Pinnules are wanting in the Hybocrinidee, Symbathocrinidae 
and Cyathocrinidffi, and in the two former the rays are undivided, 
consisting of a single arm. In the Heterocrinidae and Belemno- 
crinidae, the pinnules are arranged from every second or third 
joint throughout the entire arm, the non-arm-bearing joints being 
united by syzygy, while among the Poteriocrinidae every joint 
from the second up, bears a pinnule. 

C. The Interradial, Interaxillary and Interbrachial Plates, 

The interradial plates occupy the intermediate spaces between 
the primary rays ; the interaxillaries between the main divisions 
of the ray ; the interbrachials between the arm bases. All these 
plates may be considered as parts of the same element. The 
interradials consist primarily of five single plates, which rest 
either upon the upper or between the lateral margins of two first 
radials. Only in the genus Briarocrinus, and in a few Ichthyo- 
crinidas,do the interradials commence higher up. Higher orders 
of interradials are only found in the Camarata and Articulata. 
Their office is to increase the capacity of the visceral cavity by 
incorporating the lower arm-plates into the calyx, and also to 
strengthen it. They are auxiliary pieces, and serve to fill up 
spaces, and in this capacity adapt their form to adjoining plates. 
The higher interradials do not possess the morphological import- 
ance of the primary ones, which are early developed in the young 
individual, and represent important elements throughout the 
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earlier Crinoids. The interradials increase by age, vary greatly 
in number, often in the same species, and even in different rays. 
There are generally two plates in the second row, but sometimes 
one or three ; beyond these the arrangement of the interradials is 
more or less irregular. In the Inadunata the interradials are 
located exclusively on the ventral side; in the Camarata both 
dorsally and ventrally. 

The Reteocrinidffl and Acrocrinidse, exceptionally, possess no 
primary interradials properly speaking. In the former group, all 
radials, from the basals up, are separated laterally by numerous 
minute pieces, without definite arrangement. Acrocrinus has a 
large belt of small plates, separating radials and interradials from 
the basals, and the interradial series proper commences with two 
plates. 

In Part II, p. 15, when describing the structure of the vault of the 
" SphaeroidocrinidaB," we discriminated between true interradials 
and interradial dome plates, the former as being developed around 
the dorsal, the latter around the ventral pole. At that time we 
were under the impression, and it was the general opinion among 
naturalists, that the plates of the ventral side in all Crinoids, 
recent and fossil, constitute a part of the actinal system. It was 
known to be the case throughout the Neocrinoidea, and among 
Palaeocrinoids we found several genera in which the interradials 
of the dorsal side are separated from those of the ventral side. 
In Batocrinus, the higher orders of radials frequently are not 
separated by interradials, as in the case of the primary ones, but 
join laterally with their fellows, thereby causing an interruption 
in the interradial series. These cases, however, form exceptions 
to the rule ; the interradials of the two hemispheres almost always 
meet each other, and there is no dividing line by which they can 
be distinguished. 

That the abactinal interradials extend to the ventral side, is 
well shown by the Platycrinidae and Hexacrinidse, our former 
subdivisions Platycrinites and Hexacrinites, in which the first 
interradials occupy the equatorial zone, and all succeeding ones 
are located ventrally. When we defined these groups, we described 
the first row of interradials to be composed of a single plate, a 
statement which is not strictly correct. 

Consulting our figures (PL 7, figs. 5-8, and PL 9, fig. 6), it will 
be seen that in the Platycrinida? and Ilexacrinidai, the first row 
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of interradials contains not one alone, but invariably three or 
more plates, placed side by side, all resting upon the upper faces 
of the first radials. Only the middle plate, the one placed upon 
the outer ends of two radials, corresponds with the first interra- 
dial of other groups ; the plates at the sides are accessory pieces, 
and rank as interradials of the second and third row, respectively. 
Species with a discoid base have sometimes five plates in the same 
row, of which only the outer ones meet the second radials. In 
the simplest form of Platycrinus, the middle plate connects 
directly with the proximals, and at the azygous side with anal 
plates. In most species, however, the first row is succeeded by 
other interradials, which either connect laterally with their fellows 
of adjoining sides, forming with them a continuous belt around 
the peristome (PL 5, fig. 9, and PL 7, fig. 6), or are separated by 
radial structures. In either case there is no dividing line 
between the plates of the outer and inner rows, and the upper 
rows always rest against the proximals. The case is the same in 
Marswpiocrinus (PL 8, fig. 7), Hexacrinus, Dichocrinus and Tola- 
rocrinus, and similar in Coccocrinus and Culicocrinus, which we 
shall discuss farther on. 

In the organization of the Actinocrinidee, Melocrinidae, Euca- 
lyptocrinidee, Rhodocrinidse, Glyptasteridee and Reteocrinidae, 
the interradials form even more important parts than in the two 
groups above mentioned. That here the plates of the ventral 
side form a continuation of the interradials at the dorsal side, is 
clearly indicated in genera whose arms are given off in clusters, 
or in which the rays are formed into lateral extensions. In 
such species, the interradial series are not disturbed by so many 
radials, nor by interaxillary plates, and the interradials decrease 
in size gradually all the way from the first interradial up to the 
proximals. In species, however, in which the arms are arranged 
in a continuous ring, the interradials decrease in size more or less 
from the poles toward the periphery. This decrease in the size 
of the plates toward the equatorial regions is easily explained by 
the extravagant increase of arms in those species, and by the 
nature of the interradial plates, which, as stated, are accessory 
pieces, filling up spaces. An occasional interruption of the 
series, therefore, is no proof that the two sections represent 
different elements. 

In some genera the interradials of the ventral side are exceed- 
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ingly small, without definite arrangement, and they cover the 
surface radially and interradiallyi. This is frequently the case in 
the Silurian genera, Olyptocrinus, Periechocrinus, Melocrinus and 
Reteocrinus. Their ventral covering resembles so closely the 
disk of certain Comatulae, that it might appear as if this multi- 
tude of irregular plates, which sometimes decrease in size toward 
the periphery, and extend out to the free rays, could not be true 
vault pieces. In proof, however, that this is the case, we refer to 
Mr. St. John's carefully prepared diagram of Olyptocrinus ramu- 
losus Billings, drawn from a specimen in the Canada Survey 
Museum, and kindly loaned to us by Prof. Whiteaves. Of the 
specimen only one-half of the calyx is preserved, and this is 
imbedded in rock, exposing only the inner floor. Olyptocrinus 
ramulo8us is the largest species of the genus, and this facilitates 
the study of the plates. Like all other species of Olyptocrinus 
it has a large number of irregular interradial, interaxillary and 
interbrachial plates, which meet laterally over the arm openings, 
and are continued to the summit, leaving no line of demarkation 
between the plates of the two hemispheres. In the direction of 
each arm opening the floor is distinctly grooved, and these 
grooves or depressions, which diverge from the centre to the 
arm furrows, evidently lodge the ambulacra. That the grooved 
plates are not covering pieces, is shown by the fact that they 
have the same irregular arrangement as the other plates. The 
whole structure reminds us of Physetocrinus, and we have no 
doubt that the vault in those two genera was built essentially on 
the same plan. We find this further confirmed by the fact, that 
in the Canada specimen the inner faces of the interradial and 
interaxillary plates — but not any of the radial ones — are provided 
with short nodes, such as are found in many Actinocrinidae, and 
which serve there as pillars or partition walls between disk and 
vault. 

In the Crotalocrinidce, which include Crotalocrinus and Enallo- 
crinus, the whole ventral surface, in what appear to be the best- 
preserved specimens, is composed of strong, convex plates, 
without definite arrangement. In these specimens there is no 
central piece, nor proximals, nor traces of ambulacra (Icon. Crin. 
Suec, PL 7, fig. 3 a ; PL 8, figs. 6, 7, and PL 25, fig. 2) ; there are, 
however, other figures of Angelin, apparently of a closely allied 
species (Ibid., PL 17, fig. 3 a), in which the plates paving the 
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ventral surface are much more delicate, and consist of a central 
plate, large proximals, and several rows of covering pieces, 
without the intervention of either ananibulacral or interradial 
pieces. It would be difficult with the utmost stretch of our 
imagination to recognize in the former figures either proximals 
or "central piece, which, as admitted by Carpenter, are present in 
all these Crinoids, and we think there can be little doubt that 
the two sets of figures represent different parts of the animal, the 
one the disk, the other the vault, and that the one covered the 
other. A similar opinion was evidently entertained by Zittel 
(Handb. d. Palaeont., i, p. 357), who stated that Grotalocrinus pos- 
sessed five " grosse Oralplatten, bald unter der Decke, bald 
ausserlich sichtbar." According to our interpretation, the calyx 
of the Crotalocrinidie extends ventrally to the oral pole, and 
the ambulacra, central piece and proximals are subtegminal, 
covered by interradial plates, which extend out to the lower rows 
of covering plates and side-pieces (Icon. Crin. Suec, PL 7, fig. 6, 
and PL 25, fig. 15). A similar condition probably prevailed in 
the Ichthyocrinidae, with which the Crotalocrinidre have close 
affinities. 

In the Ichthyocrinidas, interradials have been observed only 
at the dorsal side, where they are subject to many irregularities. 
In some of the genera they are always present, in others entirely 
absent ; while there are still other genera and certain species, in 
which they are occasionally undeveloped dorsally. The interra- 
dials of the Ichthyocrinidifi are united by ligamentous articulation 
among themselves, and also laterally with the radials, as shown by 
the presence of deep fossa* at the sides of the plates (PL 5, fig. 5). 
The mobility in the test, resulting from this structure, led us 
formerly to state that the ventral covering, which is so rarely 
preserved, " perhaps " consisted of a " soft or scaly integument." 
The word u soft " was ill-chosen, and did not express our real 
meaning, we should have said, as we did in other places, u pliable.'' 
There is nothing to indicate a membranous surface structure, but 
the pavement evidently was pliable in conformity with the con- 
dition of the test at the dorsal side. In Onychocrinus exsculp- 
tus, the only Ichthyocrinoid in which portions of the ventral 
covering have been observed, Lyon and Casseday found in the 
radial regions rather large, alternately arranged plates (Amer. 

2 
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Journ. of Sci., 1859, vol. xxix, p. 79), and in another specimen 
we found, interradially disposed, small imbricating plates con- 
necting with larger pieces. Whether the latter, as we supposed, 
represent the summit plates, or Lyon and Casseday's alternating 
pieces, we could not make out satisfactorily. Carpenter to^k 
them to be " covering plates of the ambulacra, which perhaps 
were permanently closed as in the Platycrinidae, or only tem- 
porarily so as in the Neocrinoids; while the small irregular 
plates, which form the interradial portions of the vault, corres- 
pond to the anambulacral plates of recent Crinoids. They pass 
downward into the interradials at the sides of the calyx, just as 
in the recent species and in the Liassic Exlracrinus" (Chali. 
Rep., p. 181). We accept the first part of this explanation that 
these alternate plates probably correspond to the covering 
pieces of the Platycrinidae ; we even admit these plates to be 
morphologically identical with those along the disk of the 
Neocrinoidea. But- we doubt if the interradial portions in 
Onychocrinus, or Platycrinus either, correspond to the anambu- 
lacral plates of recent Crinoids. The interradial plates of vault 
and disk are very distinct structures ; the former constitute a 
part of the abactinal system, while those of the disk are actinal. 
Before we enter upon further discussion of this subject, we direct 
attention to the ventral structure of the Blastoidea and Cyatho- 
crinidse. 

The Cyathocrinidae were described by us as having no inter- 
radials, and until lately we considered this a fixed character of 
this group. The fact that the only plates interradial in position 
are located ventrally, seemed to us as sufficient evidence that 
they were actinal plates, and as such they seemed to be the 
representatives of the oral plates in the Neocrinoidea. We 
thought the same regarding the deltoids in the Blastoidea, which 
occupy essentially the same position in relation to adjacent parts 
as the above plates in the Cyathocrinidae. Prof. Zittel, in his 
" Handbuch der Palaeontologie, i," like us, called the plates orals 
in all three groups, and this interpretation was afterwards 
accepted by Mr. Etheridge, Jr., and P. Herb. Carpenter, in 
their paper, " On certain points in the Morphology of the 
Blastoids " (Ann. Mag. Nat. Hist., April, 1882, p. 214), in which 
these writers state that in Blastoids the calyx is formed " by 
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the basals, radials or forked pieces, and the deltoid pieces or 
orals." 1 

The latter statement seems to us an anomaly. It is impossible 
that those plates can be orals, and at the same time form part of 
the calyx. The orals in recent Crinoids have never been con- 
sidered as calyx pieces, and hence, if the deltoids are orals, they 
do not belong to the calyx. That, however, they are calyx 
plates is indicated by their position and relations to other parts, 
and still more by their enormous variation in size among species 
of the same genus. If the deltoids were orals, the actinal 
system in the Blastoids, in forms like Elseacrinus obovatus, 
would occupy over three-fourths of the entire test, while in 
Heteroschisma, which has exceedingly small deltoids, these regions 
would be reduced to a small circum-oral space. The proportions 
of the actinal and abactinal regions in the test, respectively, 
were looked upon by Prof. L. Agassiz as determining the 
different outlines of the various " orders " of Echinoderms, 
which he ranked according to the greater preponderance of the 
one over the other, and this, if true, proves conclusively that the 
deltoids are not actinal plates, and, therefore, are not orals, but 
must be interradials. The same argument, however, cannot be 
applied to the Cyathocrinidee, in which the so-called orals are 
located ventral ly, and from analogy with recent Crinoids should 
be actinal plates. 

By carefully removing the arms in some of our best specimens 
of Cyathocrinm, we succeeded in exposing the ventral surface in 
several species, and were enabled to observe its structure in 
various stages of preservation. In a specimen of Cyathocrinus 
Gilesi (PI. 4, fig. 2), from the Burlington and Keokuk Transition 
beds, we found in situ ttie five large interradial plates, the so- 
called orals, all connected laterally, and eacli one provided along 
its upper face with a conspicuous central node. In another 
specimen of the same species (PL 4, fig. 3), these interradials 
were partly covered along their surface by numerous irregular 
pieces, but 90 as to leave the central node exposed, the face at a 
level with the small tegminal pieces. In two specimens of 

1 We are pleased to state that Dr. P. H. Carpenter, whom we had 
acquainted with the modification of our views regarding these plates, now 
fully agrees with us that neither those of the Blastoidea nor Cyathocrinidto 
are orals (see Chall. Rep., p. 162). 
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Cyathocrinus multipmdiatus from Crawford sville, of which the 
one is figured (PL 4, fig. 6), the entire surface of the interradials, 
and also the circum-oral space, is covered by minute plates, 
except at one end (see figure) where the plate underneath is 
exposed to view. The structure is similar in Cyathocrinus 
iowensis from the Lower Burlington limestone (PI. 5, fig. T), but 
there the plates closing the peristome consist of eight consider- 
ably larger pieces, placed around a central one, arranged in pairs, 
of which each pair corresponds in form and position to one of 
the four large proximals in other genera. 

In the above specimens, the so-called orals are covered along 
their sutures by well-defined ambulacra, lined by side-pieces 
and covering plates, and these connect laterally with the small 
tegminal plates which we have described. That all surface plates 
in these species are perisomic, nobody will doubt after consulting 
our figures, and that the plates supporting them are interradials 
and not orals, is proved by the fact that they surround the peris- 
tome, but do not cover it, and are succeeded by numerous other 
plates. 

This, however, was not the structure of the Inadunata gener- 
ally, or even of all Cyathocrinidte. Angelin figures from the 
Silurian of Sweden (Icon. Crin. Suec, PI. 23, figs. 10 6, 11), two 
specimens under the name of Cyathocrinus alutaceus, in which 
the interradials (orals) were exposed, and not covered by plates. 
They have a central piece, surrounded by four large proximals, 
and there are, alternating with them, five conspicuous radial dome 
plates, with numerous irregular pieces along the posterior or anal 
side, which join the central plate, and extend outwards, forming 
a short protuberance, composed of small pieces. There are at 
the surface no traces of ambulacra, and the whole structure ven- 
trally is almost identical with that of certain forms of Platycrinus; 
while the dorsal side of the species shows clearly the characters 
not only of the Cyathocrinidae generally, but the detail structure 
of the genus Cyathocrinus. The total absence of ambulacra upon 
the surface proves that in this species the disk was subtegminal, 
covered by the plates which have been heretofore called orals, but 
which are identical with the first interradial plates of Platycrinus, 
and with the first interradials of Actinocrinus and other Camarata. 
The structural identity with all these plates proves that the inter- 
radials of the Cyathocrinidae, and the deltoids of the Blastoidea, 
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are abactinal plates, that they constitute a part of the calyx ; and 
it proves further, which is equally important, that some of the 
Palaeocrinidae have abactinal plates along their ventral side. That 
C. alutaceus cannot be retained in the same genus with the Car- 
boniferous forms is self-evident. The two are morphologically 
in a very different condition, and we should propose for the former 
a new generic name if we had before us specimens in place of 
figures. 

Carpenter fully accepts the views previously held by us, that 
in the Camarata all interradials located dorsally are abactinal 
plates, and those at the ventral side actinal. It should be stated, 
however, that we had communicated to him, in time for the Chal- 
lenger Report, the modifications our views had undergone on this 
point. We make this statement to show that Carpenter's inter- 
pretation of the plates was not based upon our — as we believe — 
erroneous observations, but was the result of his own studies. 
Carpenter even goes further than we ever did. He asserts that 
the plates, which we took to be the actinal representatives of the 
interradials, in some groups, are anambulacral plates, and form 
a part of the disk. 

His interpretations of the interradials in the Platycrinidae are 
not always harmonious. If we understand him correctly, he 
regards the first interradial piece as a calyx plate (Chall. Rep., p. 
40), but all succeeding ones as perisomic, " much more substantial, 
however, than in Neocrinoids, and forming part of the solid 
covering, but not a true vault or tegmen calicis" (Chall. Rep., p. 
179). On the same page he states further: " Although believing 
that the vault of a Platycrinoid corresponds collectively to the 
orals, interradials, ambulacral and anambulacral plates of Neo- 
crinoids, I do not wish to assert that the Platycrinidae either had 
an external mouth or open ambulacra on the disk." On page 178, 
however, he states that the " series of four or six interradials, 
corresponds generally to the single large interradial of Gyatho- 
crinus." It is not clear to us, how the same pieces can be anam- 
bulacral, t. e. disk plates, and at the same time " correspond 
generally " to a true interradial plate. He supports his theory 
by pointing to the alternating pieces, the so-called "covering 
plates/' which in most of the Platycrinidae appear along the radial 
portions of the ventral surface, and which he believes are always 
subtegminal in Actinocrinus. He says : " I do not myself think 
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that the vault of a Platycrinite was exactly of the same nature 
as that of an Actinocrinite, i. e., that it covered in the whole of 
the visceral mass and ambulacra on its upper surface. For if the 
alternating dome plates represent the covering plates of recent 
Crinoids, then all the periphery of the dome, outside of the apical 
dome plates, must be the real ventral surface of the body, and 
not a tegmen calicis as in Actinocrinus." And he states further, 
on page 1T9 : " There is some point on the actinal side of every 
Crinoid where the food grooves leave the oral system, covering 
up the peristome in which they originate, and are only closed by 
the covering plates at their sides." This is quite true as to the 
Neocrinoidea, in which the calyx is limited to the dorsal side, but 
not altogether in the case of the older Crinoids, in which the calyx, 
as we believe, takes up the greater part of the ventral surface, 
and the covering pieces frequently are embodied among abactinal 
plates. In the Platycrinidse the disk is subtegminal, although 
portions of the covering pieces appear along the surface, but 
these, in place of lining the sides of the food grooves, are incor- 
porated between the interradials, resting between them as solidly 
as the summit plates, and cover the food grooves as tightly, as 
the interradials do in Actinocrinvs. 

Carpenter agrees with us that the radials above the first are 
fundamentally arm plates, which, in the growing Crinoid, by the 
increase of interradials, were incorporated into the calyx. 
During the process of incorporation, by the widening of the 
equatorial zone, the ambulacral vessels and food grooves of the 
incorporated arm plates, gradually were lifted out from the arm- 
furrows, and stretched out along the disk in the form of tubes, 
being enclosed from above and below by plates. These ambula- 
cral tubes in most of the Actinocrinidffi are altogether subteg- 
minal, and located at a distance from the inner floor of the vault, 
until on approaching the arm bases they not only come in contact 
with, but raise up the interradial plates and push them aside, 
exposing to view the upper rows of tube plates, the so-called 
covering pieces, which are thence continued along the arm 
furrows. 

In the PlatycrinidsB, the conditions are essentially the same as 
in the Actinocrinidse, but most generally the covering-plates of 
the tubes penetrate the vault before they pass into the arms. 
This takes place either along the outer edges of the proximals, 
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or beyond the succeeding ring of interradials. In either case, 
however, the covering-plates join laterally with the interradials, 
and accommodate themselves, more or less, in form and size, to 
the surrounding plates, so much, indeed, that frequently they 
attain the same rigid form as the true vault pieces (PI. 7, figs. 5, 
7, 8). Sometimes, however, as in the case of Marsupiocrinus 
ccdatus, the alternating plates retain their original form and deli- 
cate structure, while in the same genus, in Marsupiocrinus 
Tennessex (PL 8, fig. 7), they are as rigid as the interradials. 

For proof that our descriptions of the alternating plates, and 
the ambulacral tubes generally, are based upon actual observa- 
tion, we refer to the casts of Dorycrinua (?) (PL 4, fig. 5), Stroto- 
crinus (PL 4, fig. 4), and Platycrinu8 (PL 5, fig. 9), in all of which 
the ambulacra, at some distance before entering the peristome, 
are covered up in the cast and are visible upon the surface only 
at or near the arm bases. The cast of Platycrinus, which we have 
illustrated, shows beautifully the alternate arrangement of the 
covering plates, which pass out from beneath a belt of large 
interradials. Looking at this figure we do not see how Carpenter 
can any longer maintain that Platycrinus possessed no tubular 
skeleton, and that the upper interradials are anambulacral plates. 
The specimen will also convince him that there are in this genus 
upon the surface of the cast no " elevated rounded ridges, almost 
like strings overlying the surface," as he imagined (Chall. Rep., p. 
179), and which, he thought, represented " the open food grooves 
of recent Crinoids." Among the twelve or more casts of Platy- 
crinus which we examined from Mr. Rowley's collection, not one 
bears that string-like structure, and in all of them the ambulacral 
tubes are placed around the peristome at a distance from the 
vault. That even in the Actinocrinidee those strings which we 
noticed upon the casts do not represent organs connected with 
the food grooves, will be shown elsewhere. 

Among Actinocrinidae, and probably in other families, the 
covering plates sometimes penetrate the interradials in a similar 
manner as in the Platycrinidae, and this is so even in the genus 
Actinocrinus. Actinocrinus stellaris, from the Mountain lime- 
stone of Belgium, has a row of alternating plates covering the 
food grooves, a character not well shown in De Koninck's figures ; 
although the arrangement of the plates is very regular in the 
specimens, and almost identical with that of certain species of 



26 248 

Platycrinvs. They form a ridge of strong tuberculous plates, 
and are almost as prominent as the apical or summit plates of 
this species, while the interradials, from the first to the last, are 
scarcely convex. The same structure is also found in Stegano- 
crinus concinnus (PL 8, fig. 4). In Carpocrinus ornatus, however, 
the alternate plates retain, more or less, the character of other 
perisomic pieces. 

Wherever covering plates in the Camarata are exposed, they 
are invariably placed on a level with the interradials, not upon 
their surface, and the ambulacra are essentially in the same con- 
dition as those of the Actinocrinidae, only the interradials do not 
close over them, but are pushed aside. The case, however, is very 
different in the higher form of Cyathocrinus, in which not the 
covering plates alone, but the whole tubular skeleton and the 
entire disk is exposed. 

The discovery of anambulacral plates upon the surface of the 
interradials is morphologically of the utmost importance, as 
throwing light upon the phylogenetic as well as the ontogenetic 
development of the older Crinoids and their relation to the 
Neocrinoidea. If a resorption of these interradial plates, as we 
believe, took place in the Poteriocrinidae, then the dividing line 
between the older and later Crinoids becomes so narrow, that it 
is difficult to decide where the one terminates and the other 
begins. A resorption of the interradial plates in palaeontological 
times is in accordance with the embryological development of 
recent Crinoids. Carpenter is inclined to believe (Chall. Rep., 
p. 40), that the interradial plates, which Sir Wyville Thomson 
(Philos. Trans., 1805, p. 540) observed in the early larval stages 
of Antedon rosacea, and which he takes to be primary inter- 
radials, " eventually undergo resorption like the orals and the 
anal plate." 

In the Neocrinoidea, with the exception of Thaumatocrinus, 
Quettardicrinus, and one or two species of Apiocrinus, the inter- 
radials are represented by indistinct plates, and are only tem- 
porarily developed. In the Palseocrinoidea, however, the inter- 
radials are permanent, and in some groups so extravagantly 
developed that they constitute the greater part of the calyx. It 
is very remarkable that we find the most profuse development of 
interradials among Silurian genera, which tends to prove that a 
largely, developed interradial system represents a lower grade 
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of organization in these Crinoids, especially as these plates in- 
crease numerically in the individual by growth. In the Crotalo- 
crinidae they cover the entire peristome, including the central 
piece and proximals. In the Reteocrinidae and Glyptocrinidse 
they extend from the basals to the central piece. In Actino- 
crinus, Melocrinus and Platycrinus, from the first radial to the 
proximals, exactly as in the early Cyathocrinus, only that in the 
latter the interradials consist of a large single plate, in the others 
of numerous small ones. 

If it were true that the deltoids of the Blastoidea, and their 
representatives, the interradials of the Cyathocrinidae, were 
orals, the first interradials of all Camarata would be oral plates, 
and all higher orders upward growth of the orals. That this is 
not the case is clearly shown by the fact that all these plates, 
from the first to the last, are calyx plates, i. e., abactinal; while 
the orals of the Neocrinoidea are actinal, being developed around 
the left peritoneal tube. 

That the interradials and their associates, the interaxillaries 
and interbrachials, dorsally and ventrally, are abactinal plates is 
further shown by the presence of perisomic plates underneath 
the vault, which, wherever they have been observed subtegmin- 
ally, extend from the first interradial to the end of the central 
piece (PI. 2, fig. 8). The disk of the Palaeocrinoidoe, therefore, 
begins from beneath the first interradial, and rests, as in the 
Neocrinoidea, against the first primary radial, thereby making 
the first interradial, in the true sense of the word, a vault plate. 1 

According to Carpenter, the Ichthyocrinidae and some of the 
doubtful Silurian forms, such as Beteocrinm and Xenocrinus, 

1 The term " vault' ? has been heretofore applied by most writers to all 
plates of the ventral side. In this sense it is actually a misnomer. If the 
term is used at all, it should by right include all interradial, interaxillary 
and interbrachial plates, dorsally and ventrally, and these might be very 
appropriately designated as vault plates, to distinguish them from the 
perisomic or disk plates, which are placed beneath the others, and follow 
their direction. But feariug that the introduction of a new term, or giving 
a different intei pretation to the same term, might produce confusion, we 
retain it as a convenient and short mode of expression for all plates of the 
ventral side that are not perisomic. It is therefore a merely conventional 
term. Carpenter applies it to all actinal plates of the dome, with the 
exception of the perisomic ones, in which he includes all interradials of 
the ventral aide which he takes to be actinal. 
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appear to occupy an intermediate position between the heavily 
vaulted Platycrinidse and the more thinly plated recent forms. 

We have shown already that neither the small irregular plates 
in Glyptocrinus, nor any of the interradials of Platycrinus, are 
perisomic plates, and this in itself is a strong proof, that the 
structure, which occupies relatively the same position in the allied 
genus Reteocrinus, cannot represent a totally different thing. 
Carpenter leaves us in doubt whether the so-called disk of Reteo- 
crinu8 and Xenocrinus begins at the basals, where those minute 
irregular pieces commence, or at the equatorial zone, as he be- 
lieves it does in Glyptocrinm. It seems to us, if he had not 
meant the whole inter radial series, he would not have made a 
comparison of these parts with those of the Liassic Extracrinus 
and recent forms without interradials, but would rather have 
selected Thaumatocrinus, in which interradials are present. 
He also indicates it by his remarks on the fixed pinnules of 
Reteocrinus, which, as we know, are located dorsally, and which 
he says (Chall. Rep., pp. 39, 40) are soldered together by the 
minute irregular plates, which pass insensibly upwards into the 
plates of the so-called vault, and further : u This condition recurs 
constantly in the Liassic Extracrinvs, and in the recent Penta- 
crinidss and Comatulae ; and I see no reason to believe that the 
minute interradials of Reteocrinus are in any way different from 
those of the Neocrinoids. But I regard them as perisomic plates, 
continuous with those of the disk above, which was in no sense a 
vault like that of the Actinocrinidae." 

According to this, if we understand him correctly, the calyx in 
the Reteocrinidas consisted only of basals, underbasals and radials, 
which latter throughout their full length were enclosed hy peri- 
somic plates. This would be a very peculiar condition for one of 
the earliest known Crinoids, if we admit that the Palseocrinoids 
are developed from a lower morphological level than the Neocri- 
noidea. In support of it Carpenter has no other proof than a 
superficial resemblance in the form of the plates. There is 
nothing to show that any of the plates were perforated, there is 
no external mouth, no food grooves, nor plates that could possibly 
be considered as covering pieces. All the plates dorsally and 
ventrally, even those extending to the free rays, have the same 
irregular arrangement. The ventral surface of Reteocrinus is 
almost identical with that of Glyptocrinus decadactylus, which 
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S. A. Miller (Cincin. Soc. Nat. Hist., Dec, 1883), decribes as fol- 
lows : " It is composed of numerous polygonal plates. Those in 
the central part are the larger ones, and each of these bears a 
central tubercle, which is sometimes prolonged so as to be desig- 
nated a spine. Toward the margin, or rather following the undu- 
lations toward the intertertiary areas, the plates are smaller and 
possessed of slight convexity. They unite in the depressions in 
the intertertiary areas with the plates of the calyx, or rather the 
interprimary radials graduate through the intersecondaries and 
intertertiaries to the plates of the vault without any line of sepa- 
ration. The plates become smaller as they approach the inner 
face of the arms, over the swelling undulations of the vault, and 
continuing to decrease in size, form a somewhat granular, con- 
tinuous integument, that covers the ambulacral furrows. This 
continuation of the vault up the inner side of the arms, has been 
observed for a distance of an inch above the vault, and, no doubt, 
extended as far as the arm furrow it8elf. ,, 

We have carefully examined Miller's original in Dr. R. M. 
Byrne's collection, and can attest the correctness of his descrip- 
tion. The decrease in the size of the plates toward the periphery, 
which evidently led Carpenter to consider those plates as an out- 
growth from the oral side, is readily explained by the enormous 
accumulation of plates from the interradial, interaxillary and 
interbrachial series, which terminate soon after entering the ven- 
tral side, or else diminish in width. That the vault in Glypto- 
crinu8 and Reteocrinus extends over the full length of the arms, 
as suggested by Miller, and that only their large pinnules had 
open food grooves, is at least doubtful, although it may be pos- 
sible, as such is the case in the allied genus Melocrinus, in which, 
however, the pinnule-like arms are provided with extra pinnules. 

Carpenter attaches considerable importance to our incidental 
remark, " that the peculiar depressed state of the interradial and 
interaxillary areas of Reteocrinus, the irregularity in the arrange- 
ment of their plates, suggests the possibility that those parts 
were adapted to expansion by the animal." And he makes use 
of this as an argument in favor of his theory that the ventral 
plates of Reteocrinus, like those of the Ichthyocrinidae, represent 
"the plated perisome of the Neocrinoids." That the test of 
Reteocrinus was in any way pliable, has been given up by us 
entirely, nor do we believe that the pliable test of the Ichthyo- 
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crinidae bore any relation to the disk of recent Crinoids, but we 
believe, as strongly as ever, that their ventral surface was covered 
b}' a vault. A vault paved by small irregular pieces, and folded 
like the disk of recent Crinoids, with elevations following the food 
grooves, is found not only in Olyptocrinus and Beteocrinus, but 
also among the later Actinocrinidae. The surface elevations, which 
form natural grooves at the inner floor, represent more or less 
open galleries, which in other forms are produced by a thickening 
of the plates along the inner floor. Miller's description of the 
vault of Glyptocrinu8 would apply equally well to Physetocrinus 
reticulatus which, as we know from actual observation, has a vault 
and a well-developed disk underneath. An open disk represents 
a higher form in the developmental history of the Crinoids, than 
a closed one. This is shown by Cyathocrinw, in which the vault 
is gradually replaced by the disk, and it is very improbable that 
the Reteocrinidae, which did not survive the Lower Silurian age, 
attained a higher organization than most of the Carboniferous 
Actinocrinidae. 

According to Carpenter (Chall. Rep., p. 1T2), "the vault of 
Actinocrinu8 has been developed on the left larval antimer, in 
exactly the same way as the apical or abactinal system is devel- 
oped on the right ; but the oral system, instead of being limited 
to five oral plates, as in Neocrinoids, reached a very extensive 
development, so that in its completest form it represents such a 
parallel to the apical or abactinal system as is to be met with in 
no other Crinoid." A similar view was expressed by us when we 
wrote Part II of this Revision, but we believe the same thing 
might be said of other Actinocrinidae and all Platycrinidae and 
Rhodocrinidae. 

Carpenter, as we have stated, applies the term " vault " to all 
actinal plates covering the disk and tentacular vestibule, and in 
most of the Actinocrinidae he regards all interradial plates of the 
ventral side as the representatives of the interradials at the dorsal 
side. However, in a few Actinocrinidae and in the Platycrinidae, 
Rhodocrinidae and allied groups, he restricts the vault to the 
central piece, proximals and radial dome plates if such are 
present, and all other ventral plates he takes to be perisomic. In 
the Cyathocrinidae and Blastoidea he limits the vault to the sum- 
mit plates ; but their interradials, although located ventrally, are 
said to be abactinal. These interpretations, if correct, would 
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suggest, either that the condition of the ventral surface is of 
comparatively little value for classificatory purposes, or that 
certain forms, which have heretofore been described under Actino- 
crinuSj are structurally very different, and should be referred to 
remote groups. It would further prove, if the upper interradial 
plates in Platycrinus were anambulacral pieces — because some of 
the covering pieces are interposed between them — that the higher 
interradials of Actinocrinus stellatus, which are in the same con- 
dition, are perisomic, and vice versa those of certain Platycrinidse 
vault plates ; indeed, that the very same plates which in the young 
Platycrinoid represent vault pieces, are perisomic in the adult. 

Carpenter will admit that the minute temporary interradials, 
which Sir Wy ville Thomson observed in the larva of Antedon, 
are the homologues of the large and permanent calyx interradials 
in the Cyathocrinidse. In this group, in which the rays are free 
from the first radial, the interradials, for want of any other lateral 
support, join with each other, and thereby attain their ventral 
position ; while in the adult Actinocrinidte and Rhodocrinidae, 
which have numerous radial and interradial plates, the first inter- 
radials naturally had to be located dorsally. The increase of 
interradial plates took place gradually in the growing animal, and 
from that we may reasonably suggest that these Crinoids at one 
time in their larval state possessed but five single interradials, 
which met over the disk ventrally , as in the case of Gyathocrinus 
alutaceus. At that time the young Actinocrinus was essentially 
in the condition of a young Antedon in which the interradials had 
made their appearance, however the interradials of the Palaeo- 
crinoid were more fully developed. If now Allagecrinus and 
Haplocrinus, as suggested by Carpenter, represent palaeontologi- 
cally a very early stage of the larva of Antedon, we should like 
to know something about the condition of the interradial plates 
in those genera. Are they as yet contrary to all other Palaeo- 
crinoidea altogether unrepresented, or here already resorbed by 
the animal ? Both genera have five plates, which occupy the very 
same position as the interradials of Gyathocrinus alutaceus, and 
Cyaihocrinu8 Oilesi (PL 4, fig. 2). Why should these be orals, 
when there is another structure covering the tentacular vestibule, 
which may represent them, and which, on the other hand, would 
be totally unrepresented in the Antedon larva and in all other 
Echinoderms ? 
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The phylogenetic evidence indicates clearly that the interradial 
element takes a most prominent part in the composition of the 
Palaeocrinoidea, and we hope we have proved that these plates 
were much more extravagantly developed in their earlier types. 
In Silurian genera they extended over the whole peristome, or 
the greater part of it. Gradually the summit plates made their 
appearance, evidently pushed out from beneath, afterwards the 
covering pieces of the ambulacra, and at last also the anam- 
bulacral plates. Even in the Cyathocrinidae, in which the ven- 
tral structure attained a higher form than in any other group, 
with the exception, perhaps, of the Poteriocrinidae and Encrinidae, 
interradials are not only present, but they occupy the greater 
portion of the ventral side, and even in those genera in which, 
perhaps, they were resorbed before the Crinoid reached maturity, 
they had been previously well developed. Under the weight of 
this evidence, is it probable that Haplocrinus and Allagecrinus, 
which are said to be " permanently in the condition of a very 
early larva" (Chall. Rep., p. 157), alone among all Palaeocri- 
noidea, should have no interradial plates, and that the plates 
which occupy their position in these two genera are "oral 
plates ?" We, at least, wish to be -excused if we doubt it. Upon 
palaeontological grounds we expect to find in the younger stages 
of the Palaeocrinoid the oral system feebly, the interradial sj'stem 
extravagantly developed, while, according to Carpenter's inter- 
pretation of the plates, in the Palaeocrinoid larva, the entire 
ventral surface from the radial 8 up would be oral, i. e, actinal. 

From an embryological standpoint also, Carpenter's interpre- 
tation meets with very serious objections. If Haplocrinus rep- 
resents, as he asserts, a very early stage in Crinoid ontogeny, 
before the opening of the tentacular vestibule to the exterior, we 
should like to know how the central piece, the so-called orocen- 
tral of Carpenter, made its appearance in the Palaeocrinoid. It 
is not very probable that this plate was present in the early 
larva, or it would certainly be represented in the larva of the 
Neocrinoid at the time the oral pyramid was closed. Carpenter 
claims that it was even unrepresented in Allagecrinus, and that 
the oral pole was closed only by oral plates. This would suggest 
that it was introduced either by means of a partial resorption of 
the " oral " pyramid, or by the opening of its plates. The former 
is exceedingly doubtful, while the latter is clearly not the case in 
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Haplocrinus nor other Palaeocrinoidea, for the proximate which 
Carpenter takes to be the representatives of the orals, are per- 
manently closed, with the exception of Coccocrinus, in which the 
" orals " are said to be parted, but in which the central plate is 
wanting. 

Another difficulty is offered by the fact that the so-called 
" oral yJ plates are pierced by the anal opening, a structure which 
certainly has no parallel among recent Crinoids. 

Allagecrinu8 was described by Etheridge and Carpenter (Ann. 
and Mag. Nat. Hist., April, 1881) as without central piece, and 
the latter has since informed us, that he could not identify any 
such plate on re-examining the specimens. This, however, does 
not prove that it was wanting, for we must bear in mind that 
Allagecrinus Austinii is an almost microscopic form, not larger 
than a coarse grain of sand. The central piece was overlooked 
by the European naturalists, in the much larger Haplocrinus. 
Gold fuss, however, observed in (Eugeniacrinites) Haplocrinus 
mespiliformis (Petref. Germ., i, p. 214) " ein rundes Knopfchen 
im Scheitelpunkt," and it is very significant that Etheridge and 
Carpenter also found in Allagecrinus " at the central end of one 
or more of the plates faint tubercles," for which, according to 
their own statement, " they can find no explanation. " Whether 
these represent the tubercles which we discovered upon the face 
of the interradials in Cyathocrinus multiradiatus (PI. 4. fig. 2), 
we are of course not prepared to assert with certainty, but it is 
worthy of note that Carpenter regards the latter " as the conical 
openings in Oranatocrinus Norwordi" 1 and it is very possible 
that they are the same thing in all three groups, which would 
prove better than anything else, that the plates bearing them are 
not orals but interradials. The tubercles in Allagecrinus (com- 
pare Ann. and Mag., ser. 5, vol. 7, PL xvi, figs. 3 6, 4, 5 and 7 6), 
are evidently of structural value, but as there is but one figured, 
although the description speaks of one fco eadi p fatte, and this is 0+ *r?£ 
located laterally in one specimen ana centrally in the other, all 
interpretations by us must necessarily be more or less problemat- 
ical. We are inclined, howeveT, to believe that the lateral one (fig. 
5), in analogy with Haplocrinus, represents the anal opening, i. e. 



1 This suggestion was made by Dr. P. Herb. Carpenter in his letter of 
December 26, after sending him our figures, and he kindly permitted us to 
make use of it in our writings. 
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the larger tubercle in Granatocrinus, and the central one, if it 
exists at all, the central piece ; but whether this plate is exposed 
or not, we believe it was represented in the Crinoid, and if it was 
not inserted between the interradials, it was subtegminal, under- 
neath them. 

In the later stages of Allagecrinus, according to Carpenter 
and Etheridge (p. 285), the so-called u orals " are placed " at the 
centre of the dome, in close contact laterally, so that no opening 
is visible, but their basal angles are more or less truncated, 
leaving a superficial gap between every pair of plates, which 
corresponds in position with the articular facet on the subjacent 
radial." " The interior of this gap, however, is filled up by the 
deeper portion of the oral plates." This structure, we admit, 
indicates that possibly at a more advanced stage of the Crinoid, 
the plates had separated laterally, similar to the orals in the 
recent Holopus. This, however, which we believe was really the 
case in Coccocrinus, does not prove that the plates of the two 
groups are homologous, as similar modifications take place among 
the interradials in the Pala?ocrinoidea, or as we should say, take 
place in the earlier Crinoids exclusively in the interradials, while 
the tentacular vestibule remains perfectly closed. In the case of 
AllagecrinuSy the opening out of the plates toward the arm bases, 
indicates, in our opinion, that the Crinoid is approaching the 
stage of a Platycrinoid, in which the covering plates part the 
interradials and enter the vault ; previous to the later Cyatho- 
crinoid stage, in which the whole ambulacral skeleton covers the 
interradials. Coccocrinus represents a transition form between 
the two former, the interradials being separated from one another, 
forming open clefts with the ambulacra at their bottom. 

The ventral side of Coccocrinus rosaceus in the best-preserved 
specimens consists of ten plates, all strictly interradial in posi- 
tion, arranged in five series, which are not in contact laterally 
nor centrally, leaving five rather conspicuous clefts and a central 
opening. The outer plate of each series is smaller, the inner 
resting upon the truncate face of the other. The inner plate at 
the azygous side is larger, and the anal opening excavated along 
the suture between the two plates, extending as deeply into the 
inner as into the outer plate. There are no special anal pieces, 
neither dorsally nor ventrally. 

There is no difference of opinion as to the outer plates, which 
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all recognize as interradials ; the inner ones, however, were desig- 
nated by Roemer as " kleine interred i ale Stiicke, welche von dem 
Mittelpunkte der Scheitelflache zu den Armen verlaufen." 
Schultze called them " Scheitelstiicke," Zittel and De Loriol 
11 orals," and all speak of open ambulacral furrows leading to the 
arms, and of an external mouth. The latter two writers refer the 
genus to the Haplocrinidse, Schultze to the Platycrinidae. Car- 
penter (Chall. Rep., p. 163), regards Coccocrinus, " like the recent 
Bolopus, to be permanently in the condition of a Crinoid larva in 
which the orals have not yet moved away from the radials, 
though separated from one another." In the interpretation of 
the plates he agrees with Zittel, De Loriol and Allman. 

A similar interpretation was given by us in our generic descrip- 
tion in Part II, when we took the plates of the inner ring to be 
identical with the so-called " orals " of Cyathocrinus, but this has 
been abandoned after finding the latter plates to be interradials, 
and they are now regarded by us as secondary interradial plates. 
When we adopted Zittel's interpretation, we were misled by the 
superficial resemblance to the oral pieces in the recent genus 
Hyocrinus, overlooking the fact that the latter rest within a belt 
of perisomic pieces, in place of interradials in the former. Cocco- 
crinus bacca, as seen by Roemer's figure (Fauna West. Tenn., PI. 
4, fig. 5 c), has three interradials arranged transversely as in the 
Platycrinidse, the outer ones resting against the secondary 
radials. The presence of higher interradials in this species is 
sufficient to prove satisfactorily that the genus Coccocrinus is no 
Haplocrinite, and that it does not even go with the Inadunata. 
It is possible that Coccocrinus rosaceus had exceptionally but 
one interradial within the first row, but as a member of the 
Camarata it must have possessed higher interradials, like other 
Palseocrinoids in which the interradials come in contact with the 
higher radials, contrary to the Inadunata, which have, as a rule, 
a single interradial plate. 

We doubt if even Carpenter, although he is inclined to accept 
the upper series of interradials in Platycrinus as anambulacral 
plates, will go so far after examining our diagrams, as to include 
among these the lateral plates of the proximal row, either in 
Platycrinus or Coccocrinus, which he overlooked in both genera. 
Coccocrinus is certainly not in the same morphological condition 
as Holopus, even admitting, which we do not, that the upper 

8 



36 258 

• 
interradial plates were orals. In the latter genus, the orals rest 

against the radials, and the ambulacra are exposed only along the 

arms. In Coccocrinus, however, the so-called " orals " abut with 

their outer ends against the interradials, and the clefts from the 

" orals," in place of entering the arms, are continued between the 

interradial plates. 

In Part II, p. 58, we asserted that the clefts along both plates 
were probably filled in the animal by alternate (covering) pieces, 
and the summit openings by dome plates ; although regarding at 
that time the inner circlet of interradials as oral pieces. We 
admit that Carpenter is right in asserting that the existence of 
covering plates between the orals is contrary to the structure 
of recent Crinoids, and at variance with the nature of oral 
plates generally ; but considering, as we do now, that the inner 
as well as the outer plates are interradials, this objection loses 
its force, since covering plates are found between interradials in 
most of the Platycrinidae. Yet the case of Coccocrinus is some- 
what different from that of an ordinary Platycrinoid, which 
together with covering pieces has well-developed summit plates, 
of which no trace has been found in any of the specimens of 
Coccocrinus. Carpenter thinks that in Coccocrinus the central 
piece was unrepresented, that its five inner interradials are ho- 
mologous with the six proximals of Platycrinus, and that the 
tentacular vestibule with the mouth at the bottom was exposed 
to view. This interpretation is a natural consequence of his 
oral theory, and shows still more forcibly the difficulties of 
his position. Not only lias he to admit a homology of five 
plates to six, but that in a Silurian genus mouth and food 
grooves were not covered. This assumption, which represents 
an enormous advance in the development of the group, not 
attained by any other Palseocrinoid, is alone sufficient to over- 
throw his whole theory, and this the more when applied to a 
genus which decidedly represents a low stage among these 
Crinoids. What is left to make Coccocrinus a Paheocrinoid ? 
Even the asymmetry, which, according to Carpenter, is one of 
the best characters for separating the older and later Crinoids, 
is rather problematical, as it has no special anal plate. 

Admitting that the inner plates in Coccocrinus are secondary 
interradials and not proximals, we have to account for the ab- 
sence of these plates in this case. That the summit plates, which 
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are so universally represented throughout this group, should be 
totally absent in this genus, seems to us not very probable. 
Tet the central opening which should contain them is so small, 
compared with the space taken up by them in Platycrinus and 
allied forms, that it seems almost impossible to have been occu- 
pied by seven or more plates. Besides, there is not a single 
instance known to us, in which either the summit plates or the 
covering pieces were obliterated in the specimen, leaving at the 
same time the interradials in position, as we find it in all these 
specimens. This leads us to the conclusion that in Coccocrinus, 
as in Platycrinus , the five interradial series had been separated 
laterally to their full length, but that the disk covered by the 
summit plates had not been raised to the surface as in that genus, 
leaving an open gap and lateral clefts permanently as in Holopus, 
with the exception, however, that in the latter genus the clefts 
are formed between the orals. According to our interpretation, 
Coccocrinus represents phylogenetically a transition form between 
Culicocrinus, in which the interradials are still closed and its 
summit plates and covering pieces subtegminal, and Platycrinus 
in which they are incorporated with the calyx. This is the only 
explanation which meets all difficulties, and brings these genera, 
with regard to the distribution of the plates, under the same rule 
with the other Palaeocrinoids. 

The genus Symbathocrinus is morphologically a much higher 
form than either Coccocrinus or Haplocrinus, not only because 
it had better developed arms, but also well developed summit 
plates. Its summit had never been observed until we removed 
the arms in very perfect specimens, and succeeded in laying 
bare the whole ventral surface. It consists of eight plates, 
four large proximals, which, together with three other plates, 
along the azygous side, form a closed ring around a very con- 
spicuous central piece, and these again are enclosed by ten or 
more smaller pieces, which rest upon the highly elevated articular 
facets of the radials. 

These outer plates (there may be one or two additional ones 
toward the azygous side) are smaller than the proximals ; five of 
them are placed radially, the others interradially. In the first 
specimen which we dissected, and which was sent to Dr. Carpenter 
for study, the lateral sutures between the smaller plates could not 
be distinguished. That plates were interposed between the radials 
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and proximate (his orals) was clearly shown, and was also noticed 
by him in his letter. We were, therefore, somewhat surprised 
when we found them ignored in his discussion, and observed his 
statement that " the so-called apical dome plates rest directly 
upon the upper edges of the articular faces." We regret this the 
more, as we should like to know whether he regards them as calyx 
or perisomic plates. In our opinion they cannot be perisomic, as 
five of them have a strictly radial position. Nor do we believe 
that the five radial openings which we at first thought we observed 
along the upper angle of these plates, at their juncture with the 
proximals, are ambulacra! or arm openings, as Carpenter suggests. 
We are inclined to take them for mere depressions along the 
suture, as it is very improbable that the ambulacra in proceeding 
to the arms passed over these plates. We regard the five radial 
pieces as radial dome plates, and the alternate ones as interradials. 
Carpenter also omits to state whether the " orals " in Symbatho- 
crinus consist of five or six pieces. That there are more than 
five is clearly seen in the specimen which he examined, although 
the exact number could not be ascertained. Other specimens, 
however, which we have since prepared (PI. 4, figs. 9, 10), prove 
clearly that there are seven pieces. This is morphologically of 
the utmost importance, as showing that the summit structure of 
Symbathocrinus is altogether different from that of Haplocrinus 
or Rhizocrinus, with which Carpenter identifies it, and it is more 
like that of Platycrinus. We shall return to this when we take 
up the oral plates. 

As a result of the foregoing observations, we draw the follow- 
ing conclusions, viz.: — 

1. Interradials are represented in all groups of the Palaeocri- 
noidea. They were early developed in the larva, attained at once 
large proportions, and persisted through life or were resorbed on 
approaching maturity. 

2. They extend invariably to the proximals, or even cover them 
completely. 

3. They are more extravagantly developed in the earlier 
groups, not always in number, but by extending over compara- 
tively larger space. 

4. In all groups in which the arms are free from the first 
radials, they are represented by only five single plates, and these 
are located ventrally. Groups with two or more radials have 
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two at least, and the number increases in proportion to the 
increase of the radials, by means of which the lower series attain 
gradually a dorsal position. 

D. The Anal Plates and Anal Tube. 

It has been a general practice to regard all plates of the 
azygons interradius as anal plates. From a strictly morpholog- 
ical standpoint this is not correct, as comparatively few of these 
plates are connected with the anal aperture, although all of them are 
more or less affected by it. Properly speaking, in analogy with 
recent Crinoids. there is but one true anal plate, and the succeed- 
ing pieces are either interradials, or they constitute parts of the 
anal tube, which, in the growing animal, by the increase of inter- 
radials, were incorporated into the test. The latter plates, as 
representing parts of the calyx, which serve the same purpose 
as the true anal piece, might be very appropriately distinguished as 
" higher " anal plates, but unfortunately in many groups it is 
almost impossible to separate them from the interradials. A 
discrimination, however, should be made wherever it is prac- 
ticable. 

In the Pentacrinoid larva of Antedon rosacea, according to Dr. 
W. B. Carpenter (Philos. Trans. Royal Soc. London, pp. 726- 
747), the anal plate makes its appearance almost contempo- 
raneously with the first radials, and stands on a level with them. 
It is at first a rather irregular plate, which somewhat later takes 
an elliptic form, and is gradually lifted out from between the 
radials, and developed into a conspicuous funnel, which disap- 
pears at the end of Pentacrinoid life, being removed by resorption. 

The earlier stages of the anal plates in the Palaeocrinoidea are 
only known from phylogenctic evidence, but this shows that the 
modifications which they undergo in palreontological times cor- 
respond closely with those of the growing Pentacrinoid. In the 
Inadunata, which have closer analogies with the Neocrinoidea 
than the other two groups, and which like them have but a single 
anal plate, the latter can be traced from its first appearance in 
the Silurian to its total resorption in the Carboniferous and 
Trias, and the various conditions of development, as thus repre- 
sented, form excellent characters for generic distinction. Among 
the earliest Inadunata, however, we find a transition state which 
either is unrepresented, or has not been recognized in the Pcnta- 
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crinoid. We refer to the development of the anal plate from the 
so-called azygous piece. That a plate which takes such an im- 
portant part in the phylogeny of this group should be altogether 
unrepresented in the young Neocrinoid, seems to us somewhat 
doubtful, the more so as the Neocrinoidea are in all probability 
the palaeontological successors, if not the linear descendants, of 
the Inadunata. Possibly the undivided azygous plate, as repre- 
sented in Baerocrinus, has been overlooked in the early larva, 
and this would not be surprising, as the plate occupies the posi- 
tion, and has very nearly the form of an ordinary first radial. 

In our chapter on the radial 8 we have already alluded to the 
azygous piece, and expressed our conviction that its gradual 
resorption gave origin, not only to the right posterior radial, but 
also to the anal plate. We have shown that in Haplocrinus, a 
close ally of Baerocrinus, the fifth radial is somewhat rudimen- 
tarily represented by a small trigonal piece occupying the right 
upper corner ; that this genus, as yet, had no anal plate, the left 
corner of the azygous piece being still intact ; that in Hybocrinus 
the left side of the plate was taken up by a small anal, and the 
azygous piece proportionally diminished in size ; that in the 
succeeding stages, which are typified by Iocrinus, Dendrocrinus, 
Homocrinu8, the size of the anal plate gradually increased as the 
azygous piece diminished ; and that at last in Cyathocrinus 
the latter plate was entirely removed, and the anal plate took the 
position of that in the larva of Antedon. These modifications 
were introduced, as a general rule, in geological succession, but 
not always uniformly, for in some groups the development went 
on more rapidly than in others. Such a rapid development took 
place in Cyathocrinus, which existed already in the Silurian, 
although attaining its maximum representation in the Carbon- 
iferous ; while in most of the Poteriocrinidae, which eminently 
belong to the Carboniferous, the very opposite is observed. The 
most remarkable deviation in this respect is shown by the sym- 
metrical Silurian genus Oodiacrinus, which apparently has 
neither azygous nor anal plate. 

The final resorption of both plates is best shown in the 
Poteriocrinidae. In Poteriocrinus, Eupachycrinus and Zeacrinus, 
the azygous plate is comparatively well developed, but com- 
pletely pushed out of the radial position which it had previously 
occupied. In these genera the anal plate is small, and the first 
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plate of the tube forms a part of the calyx. The allied Graphic- 
crinus, however, has no azygous plate, and the posterior basal, 
which is somewhat elongate, supports upon its truncate upper 
end only an anal plate. In Ceriocrinus, which is in a similar 
condition, the anal plate is partly lifted out from between the 
radials, and extends half way beyond the articular faces of these 
plates. In Erisocrinus, the anal plate is not only smaller, but 
rests wholly upon the radials, beyond the limits of the dorsal 
cup. Finally in Encrinus, this plate seems to have been entirely 
removed in the adult. We have a specimen of Encrinus lilii- 
formis only an inch in length, including the arms, which contains 
between the arms a row of four conspicuous, slightly convex 
plates, the upper one triangular, which we regard as plates of 
an anal tube. This discovery is of some importance, as it tends 
to prove that Encrinus is not a Neocrinoid, buta highly-developed 
Poteriocrinoid. 

In the Silurian Triacrinus and Pisocrinus, which we arrange 
under the Symbathocrinidae, we find dorsally no anal plate, but 
simply an azygous piece. This supports both posterior radials, 
which are less than half as large as the two anterolateral ones, 
and join laterally. In the Carboniferous genus Symbathocrinus, 
however, the azygous plate is wanting, the radials are almost 
equally developed, and these support a small anal piece. In the 
allied Stortingocrinus and in Stylocrinus (Symbathocrinus of 
Miller and Schultze), although exclusively Devonian genera, we 
find neither azygous nor anal plate, but Phimocrinus, like Sym- 
bathocrinus, possessed a large anal aperture between the highly 
extended articular facets of the radials, and may have had an 
anal plate. Whether the summit plates of the two former genera 
had reached the advanced state of Symbathocrinus, or were } r et 
in the condition of Haplocrinus, cannot be ascertained from any 
of the specimens, but it may well be doubted. In Haplocrinus 
the anal opening is pierced through one of the interradials, and 
the same may be the case in Stortingocrinus and Pisocrinus, In 
Coccocrinus and Culicocrinus, the anus is located between the 
first and second radials, piercing the one as much as the other ; 
in Platycrinus above the first interradial, being separated from 
the proximals by a special anal plate. 

It has been stated that the Inadunata possess no higher orders 
of anal pieces, and that the plates succeeding the first, form a 
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part of the tube. They do not all, however, have the tube well 
developed, and in some of them it is altogether unrepresented. 
Haplocrinus has a simple anal opening, and herein deviates 
from most of the other genera of this group. The Hybocrinidae 
and Cyathocrinus alutaceus have only a short protuberance, com- 
posed of small plates. 

The simplest tube is found in Catillocrinus and Calceocrinus 
(PI. 5, figs. 15, 16), in which it consists of a single row of very 
large solid plates, transversely curved like an arm-joint, with a 
semicircular groove along the ventral side. This groove, which 
extends from the base of the tube to its distal end, is open in all 
our specimens. A somewhat similar tube occurs in Symbatho- 
crinus, in which the proximal plates at the posterior side are 
considerably thicker than those upon the other sides. 

More important from a morphological standpoint, is the ventral 
tube of the Heterocrinidae, Anomalocrinidae and some Silurian 
C}'athocrinoid genera in which the anal piece, as in Catillocrinus, 
is succeeded by a row of heavy curved plates, which on the dorsal 
side pass up to the end of the tube. These plates are bordered 
laterally by several rows of delicate pieces, pierced by pores or 
slits along their sides, the whole forming a sac-like appendage. 
It is very evident that this row of dorsal plates is identical with 
that of Catillocrinus and Calceocrinus, and also that the ventral 
side of the tube in the latter two genera was closed by plates in 
a similar way. 

A still higher form is represented by the later Cyathocrinidae, 
which have no such row of dorsal plates, the entire sac being com- 
posed of delicate pieces. Most of these are perforated with pores, 
with the exception of the proximal rows of plates dorsally, which 
are solid , and also frequently those crowning the distal end ; 
while those facing the ventral side are more or less perforated. 
Among the earlier Poteriocrinidae, the sac is large, either cylin- 
drical, club-shaped, conical or balloon-shaped, and it often extends 
beyond the tips of the arms. In the later Poteriocrinidae, how- 
ever, the sac dwindles down to a short cone, even in the asym- 
metrical Eupachycrinus, and it has apparently no pores, at least 
not dorsally. 

In most of the Camarata the anal plate is placed between the 
first radials, and occupies the lower portion of the dorsal cup. 
In the Rhodocrinidae, in which the first interradials alternate with 
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the first radials, the posterior interradial takes the functions of 
the anal plate, and the second order of in terradials, which consists 
of two pieces, generally contains the second anal with additional 
plates above. The anals, as a general rule, are arranged longi- 
tudinally, but the row is often interrupted by intervening inter- 
radials. In Beteocrinus, in which the interradial series consists 
of small irregular pieces, the posterior side is divided equally by 
a vertical row of large convex anals, arranged like the plates 
which constitute the dorsal side in the tube of Catillocrinus. 
The only essential difference between the two structures is that 
the plates in the latter form a free appendage, similar to that of 
Thaumatocrinus, while those of Reteocrinus and Xenocrinus are 
incorporated into the calyx. 

All typical Aetinocrinidse, Glyptasteridce, Barrandeocrinidas, 
Acrocrinidse and Hexacrinidae have a special anal plate between 
their first radials, and in most of them the first posterior inter- 
radial is split into two halves to receive the second anal plate. 
However, in Actinocrinus and allied genera which we separated 
under Actinocrinites, the second anal is pushed up to the line of 
the secondary interradials, although the first interradial, as in the 
other groups, is divided. The splitting of the first interradial for 
the reception of an anal piece, to which we have alluded, is of the 
utmost importance for the study of the summit plates, as we find 
the same thing there repeated among the proximals. 

In the Melocrinidae the first interradials are undivided, and 
in most of them the lower anal plate is inserted between the two 
secondary interradials ; in others, however, which have no anals 
within the dorsal cup, the anals commence at the equatorial zone. 
In the Platycrinidae the first interradial of the posterior side is 
considerably larger, and evidently consolidated with the first anal 
plate. In the Calyptocrinidse, finally, the whole calyx, dorsally 
and ventrally, is strictly symmetrical, the anus central, and the 
only asymmetry in their structure is found among basals and 
proximals. 

The anal opening in all Camarata is located at the distal end 
of the tube, whether this terminates within the calyx or is ex- 
tended into a proboscis, and its position is more or less lateral, 
except in the Calyptocrinidae in which it penetrates the central 
piece. The plates composing the tube of the Camarata are ab- 
actinal, and form a part of the posterior interradial series ; they 
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are strong, rigid, without pores, are suturally connected, and their 
arrangement is irregular. This tube differs essentially from the 
ventral sac, which forms a part of the .disk, and is composed of 
anambulacral plates, into which the plates of the abactinal tube 
are incorporated, in a similar manner as the higher radials and 
proximal pinnules are into the disk of the Neocrinoidea. More- 
over, the ventral sac does not contain the anal aperture, which is 
generally located within the disk. For further consideration of 
this organ we refer to our chapter on the perisomic plates. 

Among the Articulata, the Crotalocrinidse and Cleiocrinidse 
have an anal plate in lateral contact with the radials. The same 
is the case in the Ichthyocrinidae, with the exception of Ichthyo- 
crinus, which has dorsally no anal plate and generally no inter- 
radials. Pycnosaccus, Calpiocrinus, Homalocrinus, Lecano- 
crinus, Gnorimocrinus and Mespilocrinus have even an azygous 
piece, which is absent in Anisocrinus, Taxocrinus, Onycho- 
crinus, Forbesiocrinus and Lithocrinus. An anal appendage has 
been observed only in Crotalocrinus and Enallocrinus, located 
ventrally, close to the periphery. In the former it consists of a 
tube composed of eight vertical rows of heavy quadrangular 
pieces, connected by suture. In Enallocrinus its form is 
unknown. 

In Part I we described Taxocrinus, Onychocrinus and Gnori- 
mocrinus as having a small lateral tube resting upon the first 
anal plate. To this Dr. P. H. Garpenter objected in his paper 
on Thaumatocrinus (Philos. Trans. Royal Soc, 1884, pt. iii, p. 
928). He admitted " that the arm-like series supported the lower 
portion of the anal interradius," but doubted " that the plates 
had been hollowed out on their inner side for the reception of 
the hind-gut," which " undoubtedly opened to the exterior at a 
higher level through a regular anal tube, just as in other Crinoids." 
These objections are well founded, and we are now fully con- 
vinced that those plates were bordered laterally by interradial 
pieces as in Beteocrinus* 

The Plates op the Aotinal System. 

A. The Summit Plates. 

The summit plates consist of the actinal plates, overlying and 
immediately surrounding the peristome. For these plates we 
have heretofore proposed the name " apical dome plates," but 
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finding its application somewhat cumbersome, as the word 
" apical " is used in a different sense, we have abandoned it. The 
summit plates are represented in the Palseocrinoidea by the central 
piece, the six or more so-called proximate, and the radial dome 
plates ; in the Neocrinoidea, by the oral plates alone. 

The orals constitute important elements in the ontogeny of 
recent Crinoids. They appear at first in the form of a closed 
pyramid, composed of five triangular plates. 

According to Dr. P. H. Carpenter (Chall. Rep., p. Tl), "their 
rudiments appear in the free-swimming larva simultaneously with 
those of the basals, which are developed spirally round the right 
peritoneal tube ; while the orals appear in a similar spiral around 
the left one. The skeleton is at first limited entirely to these 
two rings of plates, the edges of which meet around the equator 
of the growing cup, though they ultimately become separated by 
the appearance of the radials between them. At the base of the 
closed pyramid formed by the oral plates is the upper portion of 
the larval body, in the centre of which the opening of the mouth 
is formed. ... At a certain period of development, the five 
valves of this oral pyramid gradually separate so as to open the 
mouth to the exterior, and allow the protrusion of the tentacles, 
while the floor of the original tentacular vestibule, with the 
mouth in its centre, becomes the peristome of the growing 
Crinoid. ,, Afterwards the orals become " completely separated 
from the basals and radials by the equatorial perisome and are 
relatively carried inwards, while the second radials project some- 
what outwards. . . . The orals are thus left as a circlet of five 
separate plates protecting the peristome in the centre of the 
upper surface of the disk." In all Pentacrinidse and also in the 
Comatulae, with the single exception of Thaumatocrinua, the orals 
eventually undergo a process of resorption, while in Rhizocrinus, 
Hyocrinus, Holopus and Thaumatocrinus, they persist through 
life. 

Nothing is known of the orals in Mesozoic Crinoids. 

That the orals, which assume such an early prominence in the 
ontogeny of the later Crinoids, should be unrepresented in 
palaeozoic ones, seems scarcely possible. This has been conceded 
by various writers, but there is, as yet, much difference of opinion 
as to the plates which represent them. 

The first writer who referred to oral plates in palaeozoic 
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Crinoid8 was Prof. Allman. He suggested an analogy between 
the transition stage of Antedon and the permanent condition of 
Haplocrinus, Coccocrinus, Stephanocrinus and Lageniocrinus. 
In these genera he took the plates covering the ventral surface 
to be the orals. We have already shown that the ventral pyra- 
mid in Haplocrinus and Coccocrinus is composed of interradials 
and not of orals, and the same may be said of Stephanocrinus ; 
while the so-called orals in LageniocHnus are radial in position, 
and evidently arm pieces. 

The next writer on this subject was Prof. Zittel, who thought 
these plates were present in Haplocrinus, Coccocrinus, Symbatho- 
crinus, in the Cyathocrinidae, Hybocrinidae and Crotalocrinidae. 
That the so-called orals in the Cyathocrinidae and Hybocrinidae are 
interradials can no longer be doubted ; while the orals of Zittel 
in Symbathocrinus prove to be merely articular extensions of the 
radials, which, in their form, somewhat resemble the orals of 
recent Crinoids. The so-called orals in the Crotalocrinidae are 
identical with the proximals (nobis), and will be discussed in 
connection with them. 

De Loriol substantially accepts Zittel 's classification, and also 
his interpretation of the plates. 

Dr. P. H. Carpenter, in the Challenger Report, no longer 
regards the large interradial plates in the Cyathocrinidae and 
Blastoidea as orals, but, as before, he applies the term to the 
interradials of Allagecrinus and Haplocrinus, and to the inner 
ring of interradials in Coccocrinus. He also designates as orals 
the six proximals surrounding the central piece, and calls the 
latter the " orocentral." He further states that orals were 
" represented in the vault of all Palaeocrinoidae, whether simple 
or complex, although they are sometimes very greatly reduced." 
Carpenter's views agree essentially with those of Zittel, only that 
he extends the term to the proximals in all cases, while Zittel 
applies it exclusively to those of the Crotalocrinidae. According 
to his description, the vault in the Platycrinidae is paved with 
well-developed u Centralplatten," and in his general remarks on 
the Actinocrinidae he speaks of "seven Scheitelplatten," sur- 
rounded by a greater or smaller number of radial and interradial 
plates. 

As for ourselves, we have described orals in Haplocrinus, 
Coccocrinus, and in the Cyathocrinidoe ; but, as already stated, 
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later investigations have convinced us that the so-called orals in 
all three groups are calyx interradials. At no time, however, 
have we held these plates to be structurally identical with the 
proximals. 

Before attempting to determine the identity and relationship 
of the oral plates in the older Crinoids, it will be necessary to 
give a full description of the different plates which constitute 
their summit. 

The central piece, as a rule, is the largest plate of the ventral 
side. It is not only the centre of figure, but also the centre of 
radiation, and as such occupies the same position ventrally as the 
basals occupy on the dorsal side. It is frequently nodose, even 
spiniferous, but always more or less convex, and has a concavity 
upon its inner floor, toward which all organs from the arms con- 
centrate. The central piece is surrounded variously by from 
seven to twelve other plates ; four of these are larger than the 
others, interradial in position, and each one rests upon, and con- 
nects with, one of the four regular interradial series. Toward 
the posterior side there are three smaller plates (PI. 7, figs. 2, 5, 
and PI. 8, figs. 7, 8), rarely two (PL 7, figs. 6, 7, 8), which simi- 
larly connect with the azygous interradius. The three smaller 
pieces are frequently separated from the larger, ones at each side 
by a good-sized plate, radial in position (Xr in PL 7, figs. 3-10, 
and PL 8, figs. 1, 3); sometimes, however, they unite laterally 
with the larger ones. This is the case in the simpler forms, such 
as Symbathocrinu8 (PL 5, fig. 12), and in Cyathocrinus alutaceus. 
In very complex genera, and especially among the huge forms of 
the Actinocrinidse, the four larger plates are also separated by 
radial structures, generally by three plates longitudinally arranged 
(PL 8, figs. 1, 3, and PL 4, lig. 4), of which the inner ones abut 
against the central piece, the outer ones against the second radial 
and against the sloping sides of the four large proximals. In 
species in which the latter are laterally connected, which is much 
more frequently the case, there is but one radial plate, and this 
takes the position and functions of the third one. In species 
with a single radial, this rests at the three anterior rays within 
the angles formed by the four large proximals ; while the plates 
of the two posterior rays are often laterally inserted between the 
larger and smaller proximals, abutting against the central piece. 
These two posterior radials were thought by us, and, we suspect, 
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also by P. H. Carpenter, to represent a bisected proximal, and 
the two or three plates which they enclose were supposed to be 
anals or plates of the anal tube — a mistake easily explained by 
the fact that the plates stand in line with, and join the four large 
proximals, and have very near their size. We discovered our 
mistake when we found that in all internal casts the radiation 
follows the median line of the plates, and not the suture, as in the 
case of the proximals. The disturbance in the arrangement of 
the two posterior radials is evidently due to the anal structures, 
which pushed these plates out of their regular position. In 
species with a large subcentral anal tube, the position of these 
radials is so completely altered that they are sometimes actually 
placed within the semicircle of the four large proximals. Such 
is the case in the specimen of Teleiocrinus (PL 4, fig. 4), in which 
the anal appendage is almost central. In this specimen, all three 
anterior rays have three primary radials, while the two posterior 
ones have four. The inner plates serve as a kind of axillary for 
the ambulacra of the postero- and antero-lateral rays, which are 
undivided for some distance, giving off underneath a branch to 
the outer radials. The presence of a fourth radial is rather an 
exception, and, indeed, three radials are found, as far as we know, 
only in the larger, species of the Actinocrinidae. In species in 
which the covering plates pass out to the surface of the vault, 
the radial dome plates are frequently either wanting in the three 
anterior rays, or they are exceedingly rudimentary and very 
irregular in form, while those of the posterior rays are generally 
intact (PL 7, figs. 3, 9, 10). But in some species the posterior 
radials are partially or totally resorbed (PL 7, fig. 8), and the 
covering plates pass out directly from beneath the central piece. 
In Melocrinus and Cyathocrinus alutaceus, in which the anal 
structures are comparatively narrow, the central piece being 
generally surrounded by only six plates, of which two face the 
posterior side — all five radials are placed outside the ring of 
proximals ; but we have a specimen of Melocrinus Konincki in 
which, exceptionally, the plate of the right postero-lateral ray is 
placed in line with the proximals. Another interesting departure 
from the general rule is found among the larger species of Dory- 
crinus, Megistocrinus and Agaricocrinus, in which the central 
plate is isolated from the proximals by a belt of small pieces. 
Not even the proximals are connected with the radial dome 
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plates, nor with one another, and each summit plate has a totally 
isolated position. In the smaller species and younger specimens, 
however, all summit plates are connected, showing that those 
small inserted plates result from excessive growth, and are intro- 
duced to increase the capacity of the visceral cavity. 

Higher orders of summit radials exist in comparatively few 
genera. We must admit that the descriptions which we gave of 
these plates, although correct as to certain species, cannot be 
applied to the Palseocrinoidea generally, nor even to all Actino- 
crinidae. Many of them have but a single radial, and the plates 
which we took to be radials in most of them, prove to be inter- 
axillaries and interbrachials, which often attain a larger size than 
the surrounding plates. A very conspicuous case of this kind is 
Dorycrinus, in which the large spiniferous plate above each ray 
is not a primary radial as we had supposed, but an interaxillary, 
for the bifurcation of the ambulacral tube takes place beneath 
the preceding plate. The misconception of these plates in this 
and other genera led us to suppose that the arrangement of some 
of the summit plates was more or less disturbed in all species 
with a large number of arms, while in fact we had searched for 
plates which are unrepresented. The arrangement of the summit 
plates, as a rule, is very regular, and only disturbed by the anal 
tube. They are readily recognized even in MegistocHnus, Stroto- 
crinus and Teleiocrinus as seen by our diagrams (PL 8, figs. 1, 
3, 5, and PL 4, fig. 4). 

It has been stated that the proximals, in all cases in which 
they have been recognized by us, consist of more than five plates, 
generally of seven, and we have asserted, which has been 
accepted by Carpenter (Chall. Rep., p. 16T), that the two outer 
plates at the azygous side are equivalent to, and take the place 
of a fifth large one, being separated from each other by anal 
plates or the proboscis. The structure is well shown by our 
diagrams, but in examining them it must be borne in mind that 
the plates marked Xr are radials, and not interradials as hereto- 
fore supposed. The more central the position of the anal 
aperture, and the larger the size of the tube, the greater is the 
disturbance in the general arrangement of the summit plates. 
This might be expected, but it is certainly very remarkable that 
the azygous proximal is divided also in species in which the 
position of the anal opening is lateral or dorsal, and totally 
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outside the ring of proximals. Yet such is the case in Megisto- 
crinus Evansii and in Megutocrinus brevicornis, in which the 
anal tube is extremely small, located beneath the arm regions, 
and separated from the proximals by from ten to twenty rings of 
plates. At the azygous side they have two well-defined proxi- 
mals, separated by irregular small plates, in a similar manner as 
in other groups. If these pieces were orals, as asserted by 
Carpenter, it is difficult to understand why they should be divided 
in these species, especially if we take into consideration that the 
orals in all recent Crinoids, even in the asymmetrical Thaumato- 
crinuSj consist of five undivided plates. 

There is not a single instance known among recent Crinoids in 
which the anal opening penetrates the orals, not even in the early 
larva, in which the oral pyramid occupies the whole ventral sur- 
face. In the larva the opening is placed within the equatorial 
zone, beneath the orals, and the same is probably the case in 
Holopus, in which the orals retain permanently the condition of 
the larva. In the more advanced stages, the anal opening is 
carried inward by the gradually increasing perisome, but it 
remains outside the oral ring in all cases, whether the orals 
become absorbed as in Pentacrinus, Bathycrinus and Antedon, or 
are retained permanently as in BhizocrinuSj Thaumatocrinus 
and Hyocrinus. 

In the face of such evidence it seems to us extremely hazardous 
to assert that in Palaeozoic Crinoids the anus penetrated the orals, 
or was closely connected with them. But we must make this 
assertion if we are to accept the interradials in HaplocrinuB, and 
the so-called proximals in other genera, as the representatives of 
the orals. We might account for a slight disturbance in the form 
of the plates in genera in which the anus, or its component parts, 
come in direct contact with the plates, 1 but in our opinion no 
explanation whatever can be given why in such forms as Megisto- 
crinus, Crotalocrinus, etc., the posterior oral plate should be 
divided. For the same reason we cannot accept the five inter- 
radial plates in Haplocrinus to be orals. If Haplocrinus was in 



1 There is a case in which the anus penetrates the central piece. In the 
Calyptocrinidse in which the whole calyx — with the exception of the 
basals — is symmetrical, the anus is strictly central, and the proximals com- 
pletely pushed out of position, the central piece is bisected, and the two 
halves, jointly with the proximals, form the sides of the anal tube. 
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the condition of the Pentacrinoid larva, as suggested by Car- 
penter, it should have its anal opening beneath the orals, and not 
pierced through the upper portion of one of them. The very 
fact that the anal structures are invariably connected with the 
proximals, proves to us that the latter are interradials, developed 
around the left peritoneal tube, in a similar manner as the calyx 
interradials around the right, and that, as such, they are homol- 
ogous with the first interradial plate in the calyx, and not with 
the basals, as suggested by Carpenter. The interradials, and not 
the basals, enclose the anal plates ; there is not a single instance 
known to us in which an anal plate enters the basal ring. The 
azygous side of the proximals is generally composed of three 
adjacent pieces transversely arranged, and a divided interradial, 
which encloses an anal plate, as in the case of the primary calyx 
interradials. Sometimes, however, the anal plate is lifted out, 
and the first row is occupied exclusively by a bisected proximal 
(PI. 7, figs. 8-10), as in the apical system of Actinocrinus. 

It has been observed by Goette (Vergleichende Entwickelungs- 
geschichte d. Comatula mediterranean Arch. f. Microsk. Anat., 
1876, Bd. xii, pp. 621-624), that there exists a complete homology 
between basals and orals, and that both were developed spirally, 
the former round the right, the other round the left peritoneal 
tube. Upon these important observations, with which we fully 
agree, Carpenter undertakes to build up his proof that the proxi- 
mals are the orals of the Palaeocrinoidea. He reasons as follows 
(Chall. Rep., pp. 169, 170) : " The basals are primitively next to 
the abactinal centre in Urchins and Stellerids, and are only re- 
moved from it in the Crinoid by the growing stem ; while the 
orals are next the actinal centre, no plate being developed there, 
however, in the recent Crinoid. Did it appear, it would only be 
in the way, and have to undergo resorption to a greater or less 
extent, just as the dorsocentral of many Urchins is more or less 
completely resorbed after the appearance of the anus." 

The discovery of a dorsocentral plate in the larva of the Urchins, 
Starfishes and Ophiurids by Carpenter, Sladen and Liitken, which 
Carpenter thinks is represented by the terminal plate at the base 
of the larval stem in Comatula, is to our minds no proof, in the 
total absence of embryological evidence, that there was a similar 
plate at the oral side. The so-called " orocentral " is said to be 
present exclusively in Palseocrinoids, but there it is found in all 



52 274 

of them. It i8 difficult to believe that a plate so prominent, and 
so universally represented among the older forms, should be un- 
represented in the larva of recent Crinoids before the opening of 
the oral pyramid. Carpenter's argument, that if the plate was 
present in the larva it would be in the way, and have to undergo 
resorption, .is certainly not a strong one, for he admits in the 
Urchins a partial resorption of the dorsocentral after the appear- 
ance of the anus, and similar resorptions are going on constantly 
in the growing Crinoid. 

Carpenter's arguments respecting the orals are based essentially 
upon the existence of an orocentral plate, and if this cannot be 
proved, his whole oral theory must fall to the ground. In the 
recent Crinoids, he states : " The embryological evidence clearly 
indicates that the basals of the abactinal system are represented 
in the actinal system by the orals. The former are within the 
ring of radials and next to the dorsocentral ; and it seems, there- 
fore, only natural to regard the six proximal interradial plates, 
surrounding the central piece (orocentral) in the vault of a 
Palaeocrinoid, as representing oral plates." 

Admitting that the terminal plate at the base of the larval 
stem in the Comatulae represents the dorsocentral of Stellerids 
and Urchins, a question which we will not discuss, and admitting 
further, that a similar plate existed dorsally in the young Palteo- 
crinoid, which we have good reason to doubt, 1 we cannot make 
out the affinities that are said to exist between this plate and the 
central piece, the so-called " orocentral.' ' The former is the 
outer end of a mere transitory appendage, which in the growing 
animal soon withers off, and which is attached to the outer 
face of the skeleton, forming no part of it. The latter is a 
permanent plate, which rests within the test and fills a con- 
spicuous place in it. It is the most important plate in the 

1 We have examined a large number of roots, and have in our collection 
five perfect Crinoids from the tips of the arms to the ends of the rootlets. 
In all of them the column runs out into numerous branches, which all 
come to a point, having no special terminal plate. It is evident that the 
majority of the older Crinoids, either must have lived in a kind of oozy 
ground, or they led a half-f i ee life in the adult, using the root as an anchor. 
In the Lower Silurian only we find attached to corals or shells isolated 
disks, with a pit at the centre, which may represent the terminal plates of 
Glyptocrinus, but nothing like this has ever been found elsewhere. 
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summit, as it covers the mouth, and lodges underneath the 
annular vessel, which is the origin and centre of the whole 
ambulacral system. As such it has not only the position but 
performs the functions of the closed oral pyramid in the Penta- 
crinoid larva. Why, therefore, should the proximals be the 
orals, and the central piece represent something else that is 
totally unknown in Crinoid ontogeny, and among Echinoderms 
generally? The proximals, as a rule, surround the peristome, 
but do not cover it. The tentacular vestibule is closed by the 
central piece. This is well shown in our specimen of Batocrinus 
Christyi (PL 5, fig. 6), in which the perisomic plates extend up 
to the central piece. Other specimens (PL 4, fig. 4, and PL 8, 
figs. 1, 2, 5) show that the radiations pass out from beneath the 
central piece, and not from beneath the proximals. If there 
had been such a thing as an u orocentral," it is difficult to 
understand how this plate could have entered the " oral ring," 
unless it was developed in the early larva, as the proximals 
remain permanently closed. The Palseocrinoids, as a rule, 
have a central piece, but they do not all have proximals, 
and it is very significant that the proximals are absent in the 
earliest Silurian genera, and are most conspicuous in the later 
and higher types. Heterocrinus juvenis is evidently in the same 
morphological condition as Haplocrinus. The ring of plates, 
which Carpenter no longer considers orals in Cyathocrinus, 
encloses a central piece without proximals, and in all probability 
the same is the case in Hybocystites and the Hybocrinidee gener- 
ally. The Reteocrinidae possess only a small central piece, but 
have no proximals. Are the orals here resorbed, and also the 
interradials ? That would, indeed, suggest a very peculiar condi- 
tion for a Lower Silurian genus. 

The basals, as pointed out by Carpenter, are the most important 
plates in the calyx. They lodge within their cavity, bounded by 
the radials, the chambered organ, which is the centre of the 
nervous and vascular system, and from the basals the axial canals 
pass out to the radials and arms. In the summit, the central 
plate occupies, in relation to the radials, the same position as the 
basals. It is the only summit plate that is represented in every 
Palaocrinoid, and it lodges underneath the most important 
organs of the oral system. In view of these facts, and admitting 
that the orals are the homologues of the basals, there can scarcely 
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be a doubt that the central piece, undivided as it is, is the true 
homologue of the oral pyramid as represented in the Penta- 
crinoid larva. 

It is true that the pentamerous nature of the orals is an 
objection to this interpretation, but we do not believe it a serious 
one, certainly not so great as is found in attempting to homolo- 
gize six proximals with five orals. 

Of the embryology of the Paleeocrinoidea little or nothing is 
known except from phylogenetic evidence, and even this is limited, 
and gives information only as to the later stages in the almost 
fully developed Crinoid. In recent Crinoids, from their earliest 
stages, the orals are composed of five distinct plates, and it is 
very possible that the central piece, if representing the orals of 
the Palaeocrinoidea, primitively consisted also of five pieces, 
which were fused together, and that the suture lines gradually 
were obliterated by deposition of new material at the outer sur- 
face, as in the case of the underbasals in Agassizocrinus. Who 
would have thought that in this genus the thick plate at the 
dorsal end represented five anchylosed plates, if the sutures had 
not been fortunately observed in some of the younger specimens ? 
That a similar process probably took place at the outer face of 
the central piece, is somewhat indicated by the condition of the 
plate, which is always more or less conical or spinil'erous, and 
wherever the point of the plate has been broken, the missing part 
is replaced by secretion of new deposit. It seems to us that in 
a group like the Palceocrinoidea,in which the tentacular vestibule 
was permanently closed, a gradual anchylosis of the five primary 
plates is deducible from analogy, and would be in entire accord- 
ance with prevailing rules in nature. 

Such an anchylosis occurred in palaeozoic times among the 
basals, and this is of considerable importance, as the basals are 
admitted by Carpenter to represent the orals. In the larva of 
Antedorty the basal ring is formed of five distinct plates, and the 
same number prevails in the adult throughout the recent Crinoids, 
if not throughout the Neocrinoidea generally. Among mono- 
cyclic Palaeocrinoids, however, this number forms the exception, 
and occurs only in a few Silurian genera. Five are soon succeeded 
by four, three and two plates. Carpenter finds no objection to 
call all those plates basals, and to regard them, whether composed 
of two, three or five plates, as the representatives and homologues 
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of the orals. Similar modifications occur in the number of 
underbasals, and among them Carpenter admits three and four 
plates ; but when we find the underbasals in Stemmatocrinus 
evidently fused together to a single piece, he regards this as a 
stem joint. 

Even the joints of the column are sometimes tri- or quinque- 
partite, from the top of the column to the end of the rootlets, 
and principally in Lower Silurian genera; nevertheless the stem 
joints of the Pentacrinoid larva, and those of the Neocrinoidea 
generally, are undivided throughout. Are we to consider the 
former as different elements from the latter because they are 
composed of three or five pieces ? Or are we to regard the five 
plates collectively as the homologues of the undivided joints of 
recent and other Crinoids ? In the latter case, why should not 
the dorsocentral, i. e., the terminal plate of the column, be divided 
in one or the other species ? That the plate is undivided in the 
Pentacrinoid larva, and in the few species of Pentacrinus in 
which it has been observed, is by no means a proof that it is so 
in all Crinoids. 

It has been stated by Carpenter that " the basals are within 
the ring of radials, and next to the dorsocentral." This is no 
doubt frequently the case, but is not the universal rule. In 
the Rhodocrinidse and Rete'ocrinidse the interradials are placed 
between the radials, forming with them a ring of ten plates 
around the basals, while in the Acrocrinidae the radials are totally 
isolated from the basals by a wide belt of plates, which, although 
not true interradials, may be fairly compared with them (PI. 8, 

eg. i). 

At the oral side, the arrangement is fundamentally the same 
as in the calyx, as can be observed in species in which all summit 
plates are fully developed. Frequently, however, the first and 
second radials are orally unrepresented, when the third radials 
occupy the same position as their representatives in the calyx, 
which is the same as that occupied by the third summit radials 
of Strotocrinus, etc. 

If the orals were represented by the proximals, the latter 
should be succeeded in all cases by the radials, and not be 
included in the same ring. There is not a single instance of 
Crinoids known to us where either a radial or an anal plate 
entered the basal ring, or where an anal plate entered the 
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ring of orals, yet all of this must be encountered if we con- 
sider the proximals to be the orals. Moreover, in Strotocrinus 
and Teleiocrinus the two posterior radials would be placed 
inside the oral ring, the orals of Megistocrinus would enclose a 
large circlet of interradial pieces ; while in Beteocrinus, Glypto- 
crinus and other Silurian genera, the orals would be altogether 
unrepresented. All these difficulties are removed if we regard 
the central piece as the representative of the oral pyramid, and 
the proximals as summit interradials. Basals and radials, inter- 
radials and anal plates are then found to occupy the same position 
orally as aborally, and even the small intercalated pieces in the 
dome of Megistocrinus are explained by analogous plates in 
the calyx of Acrocrinus. But on the contrary, if the proximals 
were the orals, it would follow that the orals were represented in 
the calyx by the proximal interradials, and not by the basals. 

That the proximals, which are such prominent plates in the 
Palfleocrinoidea, are unrepresented in the Neocrinoids, is fully 
explained by the fact that in the latter the interradials generally 
were imperfectly developed in the calyx, and hence their absence 
in that group cannot be considered a serious objection to our 
views. 

We are convinced that neither the underbasals nor the dorso- 
central are represented at the summit, especially not the latter. 
We cannot imagine what office such a plate could possibly have 
had at the oral side, considering that it constitutes a part of the 
column, and the Echinoderms at no time, or in any group, were 
attached at their oral side. That it is represented dorsally in the 
Stellerids and Urchins is natural, as it represents there in a 
wider sense the entire column of the Crinoid, but its presence at 
the oral side would be an anomaly. 

It seems to us that a far less objectionable explanation of the 
central plate than that given by Carpenter, would be to regard it 
as a posterior oral. In this case the orals would be represented 
by five plates and not by six ; the anus would be placed outside 
the oral ring, and the radial dome plates would occupy the same 
position towards the orals as the calyx radials toward the basals. 
But it would place the mouth underneath the posterior oral, and 
it offers no explanation of the central piece in Haplocrinus. 

This view was, perhaps, taken by Zittel in the case of the 
summit plates of Crotalocrinus and Enallocrinus, in which the 
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central plate has a somewhat elongate form, and which he 
described as having five oral9. The summit plates in both 
genera are subtegminal, being covered completely by interra- 
dials, and the same was probably the case in the allied Ichthyo- 
crinidae, at least in their earlier forms. Reteocrinus and Xeno- 
crinus were evidently in a similar condition, but it is not known 
whether they had summit plates beneath the interradials or not. 
Olyptocrinus and most of the Silurian genera of the Camarata 
had a central piece, but no proximals. In all Devonian Crinoids 
both plates are generally represented, but they do not attain their 
full development until the Carboniferous. 

It has been asserted by us that the ventral plates in Allage- 
crinus, Eaplocrinus, Culicocrinus and Goccocrinus^ are calyx 
interradials and not proximals. In Allagecrinus and Haplo- 
crinus there are five single plates occupying the same space as 
the whole series of interradials in other genera. In their simpli- 
city, and in resting upon the radials and closing the peristome, 
these plates, no doubt, closely resemble the orals in the Penta- 
crinoid larva, but as calyx interradials they would occupy exactly 
the same position. There is, however, a very important difference 
in the structure of the two forms to which no attention has been 
paid. The orals of the larva and those of Holopus rest loosely 
upon the calyx; while the interradials of Haplocrinus, like all 
other interradials, are united with the radials by a close suture. 

It has been proved from paleeontological evidence, that in the 
earlier genera the interradials are more extravagantly developed 
than in later ones. In Crotalocrinus and Reteocrinus, the inter- 
radials cover the entire ventral surface; in Olyptocrinus and 
Olyptaster they extend to the central plate ; while in the Carbon- 
iferous genera they recede gradually toward the periphery, and 
the central space is filled by large proximals, and often by radial 
dome plates. Considering these facts, is it safe to assert that in 
Allagecrinus and Haplocrinus, which are regarded as larval 
forms, interradials are entirely absent, and that all ventral plates 
are actinal ? Is it not more reasonable to imagine that in these 
low forms the ventral side was covered by the one plate, in a 
similar manner as in Crotalocrinus, Reteocrinus and Glyptocrinus 
by the whole collection of plates ? In the Neocrinoidea, from 
the larva to the adult, all ventral plates are actinal, but in all 
Palaeozoic Crinoids, and we may say in all Palaeozoic Pelmatozoa, 
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the whole, or at least the greater part of the ventral side, is abac- 
tinal, and this we consider one of the best distinctions between 
the two groups. We do not understand how Carpenter can 
maintain that those plates are orals, and at the same time can 
retain Allagecrinus and Haplocrinus under the Palseocrinoidea. 
He must either refer them to the Neocrinoidea, or accept the so- 
called " Scheitelplatten " as interradials in their simplest form. 

It seems to us that in Allagecrinus the interradials cover not 
only the disk but also the summit plates. Culicocrinus is in a 
similar condition, but has additional interradial plates. In the 
somewhat higher developed Coccocrinus, the interradials are 
separated from one another, forming lateral clefts and a central 
gap, evidently to receive the oral plate and the ambulacra, which, 
however, retain permanently the position which they occupied 
before the valves separated, and rest in the bottom part of the 
clefts. In Haplocrinus the interradials evidently separated in 
the growirgf4fcfimal, and the oral plate moved outward, but not 
sufficiently to bring it to a level with surrounding plates ; while 
the ambulacra remained subtegminal. The interradials, instead 
of being formed into lateral clefts as in Coccocrinus, remained 
permanently closed by means of lateral growth, as shown by their 
V^beveled edges, which are formed into grooves. 
rx From Haplocrinus to Gyathocrinus alutaceus and Symbatho- 
x > •." crinus there is but one step. The latter two have proximals, the 
former not. The proximals, we think, were introduced in the 
Palseocrinoidea in a similar manner as the perisomic plates in 
the Neocrinoidea. The interradials by the increasing width of 
the calyx retreated in the growing Crinoid toward the periphery, 
thereby forming an open space around the oral plate which was. 
gradually filled by the proximals and other dome plates. St/m- 
bathocrinus is a much higher form than Haplocrinus, as shown by 
the presence of proximals, by the ventral tube, and by the highly 
differentiated mode of articulation. 

If it were true that the five interradials of Haplocrinus and 
Allagecrinus are homologous with the six proximals of Symbatho- 
crinus, Platycrinus and Actinocrinus, and that these plates are 
orals, it would follow, inasmuch as all later and complex Palseo- 
crinoidea have six plates, that the larger number represented the 
higher form. And further, that Haplocrinus and Allagecrinus 
had reached a degree of development such as attained only by 
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Neocrinoidea, but existing among them as a oonstant character 
through all stages of growth. In the Neocrinoid larva the orals 
are large, occupying the entire ventral side, or one-half of the 
entire test, and the conditions are not changed by the introduc- 
tion of perisome in the adult. In the adult Paleeocrinoid the 
actinal system of plates is restricted to a small space, and it is 
very improbable that the orals extended out to the radials in the 
earlier stages, or hi such forms as Haplocrinus and Allagecrinu8 y 
which, as admitted by Carpenter, are in the condition of the 
Palseocrinoid larva. 

All this tends to prove that the resemblance between the proxi- 
mals and the orals in the adult Rhizocrinite or Thaumatocrinite, 
and the " Scheitelplatten " in Allagecrinus and Haplocrinus with 
the Pentacrinoid larva, is altogether superficial, and that the orals, 
if these are developed in Palieocrinoidea, which we think they 
are, can only be represented by the central plate. 

A resorption of the summit plates may have taken place in the 

later Inadunata ; throughout the Camarata they persisted through 

life. 

B. The Ventral Perisome. 

The ventral perisome covers the visceral mass or body, and 
together with the oral plates, forms the surface of the disk. It 
is composed of the " ambulacral " and " anambulacral " plates. 
The anambulacral plates are irregular pieces or limestone par- 
ticles along the interpalmar areas, which consist. of the anambu- 
lacral plates proper, and the so-called interradial plates of the 
disk. The former are pierced by numerous water pores, and 
occupy the spaces between the ambulacra; the latter are not 
perforated, and occur in the substance of the perisome, uniting 
the rays and their subdivisions. These interradials must not 
be confounded with the calyx interradials, which cover those 
of the disk. The ambulacral plates extend from the peris torn ial 
area to the extremities of the arms and pinnules, and consist 
of the so-called " Saumplattchen " or " covering plates," and* the 
u adambulacral " or " side pieces " which support the former 
and border the outer margins of the ambulacra. 

In the Pentacrinidse, the perisome is always studded more or 
less with plates, and these often have a very solid appearance ; 
while in the Comatulse the entire perisome is sometimes almost, 
or totally, free from calcareous incrustations. 
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the whole, or at least the greater part of the ventral side, is abac- 
tin al, and this we consider one of the best distinctions between 
the two groups. We do not understand how Carpenter can 
maintain that those plates are orals, and at the same time can 
retain Allagecrinus and Haplocrinus under the Palseocrinoidea. 
He must either refer them to the Neocrinoidea, or accept the so- 
called " Scheitelplatten " as interradials in their simplest form. 

It seems to us that in Allagecrinus the interradials cover not 
only the disk but also the summit plates. Culicocrinus is in a 
similar condition, but has additional interradial plates. In the 
somewhat higher developed Coccocrinus, the interradials are 
separated from one another, forming lateral clefts and a central 
gap, evidently to receive the oral plate and the ambulacra, which, 
however, retain permanently the position which they occupied 
before the valves separated, and rest in the bottom part of the 
clefts. In Haplocrinus the interradials evidently separated in 
the growir^4fefimal, and the oral plate moved outward, but not 
sufficiently to bring it to a level with surrounding plates ; while 
the ambulacra remained subtegminal. The interradials, instead 
of being formed into lateral clefts as in Coccocrinus, remained 
.j. permanently closed by means of lateral growth, as shown by their 

^beveled edges, which are formed into grooves. 
y T ra From Haplocrinus to Gyathocrinus alutaceus and Symbatho- 
* ■." irinus there is but one step. The latter two have proximals, the 
former not. The proximals, we think, were introduced in the 
Palaeocrinoidea in a similar manner as the perisomic plates in 
the Neocrinoidea. The interradials by the increasing width of 
the calyx retreated in the growing Crinoid toward the periphery, 
thereby forming an open space around the oral plate which was- 
gradually filled by the proximals and other dome plates. Sym- 
bathocrinus is a much higher form than Haplocrinus, as shown by 
the presence of proximals, by the ventral tube, and by the highly 
differentiated mode of articulation. 

If it were true that the five interradials of Haplocrinus and 
Allagecrinus are homologous with the six proximals of Symbatho- 
crinus, Platycrinus and Actinocrinus, and that these plates are 
orals, it would follow, inasmuch as all later and complex Palaeo- 
crinoidea have six plates, that the larger number represented the 
higher form. And further, that Haplocrinus and Allagecrinus 
had reached a degree of development such as attained only by 
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Neocrinoidea, but existing among them as a oonstant character 
through all stages of growth. In the Neocrinoid larva the orals 
are large, occupying the entire ventral side, or one-half of the 
entire test, and the conditions are not changed by the introduc- 
tion of perisome in the adult. In the adult Palseocrinoid the 
actinal system of plates is restricted to a small space, and it is 
very improbable that the oral9 extended out to the radials in the 
earlier stages, or in such forms as Haplocrinus and Allage.crinus y 
which, as admitted by Carpenter, are in the condition of the 
Palseocrinoid larva. 

All this tends to prove that the resemblance between the proxi- 
mals and the orals in the adult Rhizocrinite or Thaumatocrinite, 
and the " Scheitelplatten " in Allagecrinus and Haplocrinus with 
the Pentacrinoid larva, is altogether superficial, and that the orals, 
if these are developed in Palieocrinoidea, which we think they 
are, can only be represented by the central plate. 

A resorption of the summit plates may have taken place in the 

later Inadunata ; throughout the Camarata they persisted through 

life. 

B. The Ventral Perisome. 

The ventral perisome covers the visceral mass or body, and 
together with the oral plates, forms the surface of the disk. It 
is composed of the " ambulacral " and " anambulacral " plates. 
The anambulacral plates are irregular pieces or limestone par- 
ticles along the interpalmar areas, which consist, of the anambu- 
lacral plates proper, and the so-called interradial plates of the 
disk. The former are pierced by numerous water pores, and 
occupy the spaces between the ambulacra; the latter are not 
perforated, and occur in the substance of the perisome, uniting 
the rays and their subdivisions. These interradials must not 
be confounded with the calyx interradials, which cover those 
of the disk. The ambulacral plates extend from the peristomial 
area to the extremities of the arms and pinnules, and consist 
of the so-called " Saumplattchen " or " covering plates,'' and* the 
" adambulacral " or u side pieces " which support the former 
and border the outer margins of the ambulacra. 

In the Pentacrinidae, the perisome is always studded more or 
less with plates, and these often have a very solid appearance ; 
while in the Comatulae the entire perisome is sometimes almost, 
or totally, free from calcareous incrustations. 
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Among the earlier groups of the Neocrinoidea, the perisome is 
only known in the Jurassic Extracrinus and in Marsupites, in 
both of which it consists of small irregular pieces, forming a 
rather substantial pavement, which frequently encloses the lower 
pinnules. Among Palseocrinoidea, a perisome has rarely been 
observed, but it was preserved among several groups, and we 
have been led to the conclusion that the perisome was probably 
subtegminal in the Camarata, the Artie ulata, and the earlier 
Inadunata,but external in the later Fistulata, our former Cyatho- 
crinidse, which we make a branch of the Inadunata. 

The perisomic skeleton of the Camarata is frequently pre- 
served in Batocrinus, Eretmocrinus, Physetocrinus and Dory- 
crinus, in which it probably attained a more substantial form 
than in any of the other genera. It is there composed of rather 
distinct plates, placed parallel to those of the test or tegmen 
calicis, and arranged in a similar manner. Each plate of the 
outer test has a corresponding plate in the ventral perisome ; 
the plates of the latter, however, are not connected by suture, 
but disposed loosely, leaving an open space at each angle, which 
was perhaps filled by membranous substance. In their usual 
preservation the plates are frequently dense, owing to incrusta- 
tions of inorganic matter, but in their natural state they consist 
of a fine network, and resemble similar plates in recent Crinoids. 
They form a sort of internal lining, which extends from the 
second primary radiais and first interradials, uninterruptedly, to 
the central piece, or near it, underlying the proximals and enter- 
ing the anal tube. This structure is well shown in the specimen 
(PL 5, fig. 6), in which the sutures between central plate and 
proximals are visible. Most of the perisomic plates, along their 
median portions, are connected with the plates of the test by 
small pillars or partition walls, leaving between them open 
chambers, evidently for the free circulation of water. % The water 
probably entered from without by means of the respiratory pores, 
which we described in Part I, p. 11, and which jointly may have 
performed the functions of a madreporite. There are, however, 
no pillars between the plates along the radial regions, which take 
the shape of closed galleries or corridors, formed by grooves 
along the inner floor of the test, and closed from below by peri- 
some. These passages diverge toward the arm bases and contain 
the ambulacra! tubes. The perisome of other genera was prob- 
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ably less substantial, and perhaps in some of them altogether 
membranous. We never observed anything like plates in the 
Actinocrinites, except in Physetocrinus, in which they are well 
developed. Of this genus we lately obtained a specimen which 
proved that the small tubercles along the ventral surface, figured 
by us in Rev. ii, PL 19, fig. 5, are not, as we then supposed, 
openings through the " vault," but impressions of the open 
spaces between the anambulacral plates. In Actinocrinus and 
allied genera we occasionally find little pillars or nodes along the 
inner floor, which sometimes suspend fragmentary plates, or 
portions of a filmy substance, and evidently are parts of the 
peri8ome. We found similar pillars along the floor of Glypto- 
crinus ramuloma (PL 9, fig. 2) underneath the interradial areas, 
but not beneath the plates overlying the ambulacra. The latter 
plates are folded as in Physetocrinus, and formed into natural 
grooves, which evidently harbored the ambulacral tubes. 

The ambulacral tubes of the Actinocrinidse rest upon the peri- 
some, but rarely enter the plates of the vault, and do not become 
exposed until they enter the free arms. In the Platycrinidae the 
structure is essentially the same, but the covering pieces frequently 
enter the calyx at — or close to— the proximals, and in this case 
often take the form of vault plates. In the young Crinoid, 
according to our interpretation, the ambulacral tubes were 
attached to, and rested primarily within the grooves of the lower 
arm joints, from which they were gradually lifted out when these 
became incorporated with the calyx and transformed into radials. 
It seems to us that, while this was going on, the radial regions 
of the vault were raised by the ambulacra, thereby producing 
elevations or folds along the vault of Glyptocrinus and Physeto- 
crinus ; while in Platycrinus the ambulacra in many cases pene- 
trated the test. 

The tubes are composed of four rows of plates, alternately 
arranged, of which two constitute the floor, the two others the 
upper side. The upper ones are the covering pieces, but we are 
not certain whether those at the floor are side pieces or form a 
sort of subambulacral plates. The covering plates where they 
entered the vault were suturally connected, but on entering the 
arms became movable. Side pieces have never been observed in 
the Camarata, but covering plates are found occasionally both in 
arms and pinnules, and were probably present in all of them. 
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We have noticed (Rev. ii, p. 31) narrow grooves upon the inner 
surface of the vault, which meet beneath the median part of the 
oral plate, and follow the subtegminal galleries which enclose the 
ambulacral tubes. The condition of these grooves can be studied 
most profitably from natural casts, in which they appear as string- 
like elevations along the ventral surface. They have been ob- 
served most frequently among the Actinocrinites, where they 
seem to be universally developed, while no traces of them are to 
be seen in the twenty or more casts of Platycrinus which we 
examined. That they do not represent the ambulacral tubes, is 
proved by the fact that these are always located at a distance 
from the inner floor, as beautifully shown in the casts (PI. 4, fig. 
5, and PL 5, fig. 9), and wherever we found the tubes intact, they 
occupy the same position. That the strings are in no way con- 
nected with the tubes, is further shown by the fact that they always 
meet in the centre, while the tubes form a ring around the centre, 
as also by the irregularity which they exhibit. It is shown by 
our figures (PI. 4, fig. 4, and PL 8, figs. 1 and 3), that there are 
always two of them side by side, which at places connect, and 
again at others depart from one another, with irregular knots at 
each bifurcation. This structure could not be explained if the 
strings represented the inner cavity of the ambulacral tubes, as 
these are very regularly arranged. That the grooves are placed 
along the solid walls of the test, has led us to suppose that they 
were axial canals, and that these Crinoids possessed an orocentral 
nervous system like all other Echinoderms, but contrary to the 
Neocrinoidea,in which the nervous system, as now generally admit- 
ted, is connected with the chambered organ within the basal cavity. 
Our interpretation becomes more plausible when we consider that 
in the Camarata the radials are never pierced by canals, and it 
would be difficult to understand how these ponderous arms could 
have moved without axial cords, unless their movements were 
altogether passive. That the canals have been observed only in 
certain groups, may be explained by supposing that in many 
cases they probably rested against the wall, without piercing the 
floor. 

That the perisome, wherever found in place, extends all the 
way from the top of the first interradials to the central piece, is 
very interesting, and shows a complete resemblance between the 
ventral perisome of a recent Grinoid, and the body beneath the 
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vault of an Actinocrinoid. A total resorption of all interradial 
plates, dorsally and ventrally, and also of the proximal s, would 
reduce an Actinocrinoid, or Platycrinoid, essentially to the 
condition of a Neocrinoid that has its lower arm joints connected 
by peri some. The fact that the perisome is continued under- 
neath the proximals, and extends to the central piece, tends to 
prove that the latter, and not the proximals, represents the oral 
pyramid, as these plates surround the peristomial area but do 
not cover it (PL 1, fig. 6). It further proves that the inter- 
radial plates of Platycrinus, Glyptocrinus and Reteocrinus cannot 
be partly plates of the calyx and partly pcrisomic, but must 
be either the one or the other. If the Reteocrinidae had lived 
in Carboniferous times, and the Actinocrinidae in the Lower 
Silurian, there might be a possibility that in the former the 
interradials, dorsally and ventrally, as well as the summit plates, 
had been resorbed; but as they comprise one of the earliest 
known groups, this interpretation need not be considered, and we 
can only regard those plates as ill-defined interradials. 

We find it difficult to believe that the so-called " interradials " 
of OuettardicrinuSj and Apiocrinus roissyanus and allied species, 
are homologous with the calyx interradials of an Actinocrinoid ; 
but regard all those pieces as enormously developed perisomic 
plates. That they are somewhat heavier pieces and more regu- 
larly arranged than those plates usually are, is not sufficient to 
make them calyx plates, as they evidently adapted their con- 
ditions to surrounding parts, and are therefore thick plates from 
necessity, in order to fill the deep edges of adjoining radials. 
De Loriol,in the Pale*ont. Franc, on p. 272, describes them in Apio- 
crinus roissyanus as follows: Pieces interradiales n ombre uses, 
tres inggales, elles varient dans chaque espace interradial dans 
le nombre et 1 'arrangement. Presque toujours la s^rie commence 
par une piece unique, hexagone ou heptagone, qui est la plus 
grande, quelquefois fort grande. . . . Au-dessus il y a deux, trois, 
et meme quatre pieces plus petites, irregulieres, polygonales,' 1 
etc. This description does not apply to calyx interadials, among 
which the first plate is always very regular, and the first row 
never consists of two plates, nor the second variously of two, 
three or four pieces. This irregularity seems to have puzzled 
Carpenter, for, on p. 183 of the Challenger Report, he suggests 
that perhaps the " smaller interradials were perisomic plates." 
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Why not the first plate also ? We seriously doubt if those plates 
enclose the perisome as the interradials in Actinocrinus, or were 
covered by perisome as in Cyathocrinus, and hence believe they 
are not calyx but perisomic plates, which, like the smaller pieces 
of Extracrinus, united the lower arm divisions. We take the 
same view of the so-called interradials and interaxillaries of 
Uintacrinus, which merely attained the outer form of calyx 
pieces, but are true disk plates, and on approaching the ventral 
side passed into anambulacral pieces instead of harboring or sup- 
porting a perisome. The case is altogether different in Thaumato- 
crinus, in which the interradials are placed within the ring of first 
radials, and as such form, like the anal plate, a primitive part of 
the calyx. The Crotalocrinidae present a different perisomatic 
arrangement from the Actinocrinidae. The interradials frequently 
commence in the equatorial zone, and extend over the whole 
ventral surface, even oral plate and proximate being subtegminal. 
Their perisome, which was figured by Angelin in Crotalocrinus 
rugosus (Icon. Crin. Suec, PL xvii, fig. 3 a), is composed ex- 
clusively of covering plates. The proximals are long and narrow, 
and abut with their outer edges against the deflected upper ends 
of two radials, leaving radially five angular spaces, which are 
occupied by the ambulacra. These ambulacra, of which the 
covering plates are visible, bifurcate like those of other groups, 
but their subdivisions, in place of being separated by anambu- 
lacral plates, join each other laterally, and, together with the 
summit plates, fill the entire ventral surface. The total absence 
of anambulacral pieces in this genus is a most remarkable feature, 
but may perhaps be explained by the presence of hydrospires. 
There are, however, no spiracles nor pores through any of the 
plates, except along the anal tube, which is perforated along its 
walls. 

The vault of the Crotalocrinidae extends quite a distance into 
the free rays, as shown by Miiller's and Angelin 's figures (Icongr., 
PL 6, figs. 6 and 7, also PL 25, figs. 15 and 25, and Akademie der 
Wissenschaften, 1853, PL 13, fig. 10). That those plates are not 
ambulacral pieces is proved by the fact, that they cover the 
Saumplatten, and have a different style of ornamentation. Those 
figures further prove, that the ventral covering was pliable, or the 
arms could not have assumed that horizontal position, and be 
folded in other specimens. This is of some importance as dem- 
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onstrating that a pliable vault may enclose another flexible 
integument and contain the food grooves underneath, which was 
seriously questioned by Carpenter (Chall. Rep., p. 182). He 
evidently overlooked Crotalocrinus, for we doubt if he could 
have taken the small covering plates (Icongr., PL 17, fig. 3 a) for 
the representatives of the large rigid plates of figs. 6 and 7 on PL 6, 
or the irregular pieces around the oral pole to be summit plates. 

Crotalocrinu8 and Enallocrinus have close affinities with the 
Ichthyocrinidse, not only in that both have a flexible skeleton, 
but they frequently possess no interradials dorsally, and they all 
have the same peculiar arm structure. In speaking of a pliant 
vault we do not mean a surface " formed of connective tissue with 
numerous interradial plates imbedded in it," as supposed by 
Carpenter (Chall. Rep., p. 182), but a continuous integument of 
plates connected by ligament in place of suture, sometimes with 
imbricating plates. We postulated the prevalence of this structure 
in the vault of the Ichthyocrinidae from the construction of the 
dorsal plates, which could not be movable unless the ventral side 
was pliant also. Our views are confirmed by the vault structure 
of Crotalocrinus, and we think the disk ambulacra of Ichthyo- 
crinus were arranged in a similar manner, and covered by a 
similar vault. 

A very different perisome is found in the higher types of the 
Cyathocrinidse, which is not subtegminal, but exposed upon the 
surface of the interradial plates. This form is found only in 
genera in which the ambulacral tubes rest upon the upper edges 
of the interradials. It is not restricted alone to the later genera, 
but occurs in several Silurian forms. Angelin has figured such 
a disk in Cyathocrinus Isevis (Iconogr., PL 26, figs. 2 and 3), and 
(Hssocrinus punctuosus (ibid., PL 29, fig. 75 d), but we think 
the structure was not correctly understood. In all cases the five 
interradial plates are completely covered by small perisomic 
plates, of which those at the four regular sides are not pierced 
with water pores, while those toward the ventral sac are generally 
profusely perforated. In some cases we found the summit plates 
in process of resorption. In Cyathocrinus iavensis (PL 5, fig. 7), 
the larger proximals appear in the form of eight irregular pieces, 
their edges rounded off; while in Cyathocrinus multibrachiatus 
(PL 4, fig. 6) only fragments of the plates are scattered over the 
perisome. 
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The disk amfmiacra were probably differently constructed from 
those of the arms (PL 4, figs. 6 and 7). The specimens indicate 
that the plates of the former were suturally connected, while 
those along the arms were movable. All Cyathocrinidae, so far 
as observed, have side-pieces which support Saumplattchen ; and 
these rest upon two series of subambulacral (?) plates, which form 
the floor of a tube as in the Actinocrinidae. 

The *' ventral sac " of the Fistulata was always regarded by us 
as functionally and structurally distinct from the " anal tube " or 
" proboscis " of the Camarata. We held the former to be an 
essential part of the body, and perisomic in its origin ; the latter 
as a mere prolongation of the azygous interradius, and con- 
structed of abactinal plates. 

To understand the two structures, we must bear in mind that 
in the growing Actinocrinoid the capacity of the calyx adequately 
increased with the growth of the bod}', and hence was at any 
time capable of holding the visceral mass. In the Fistulata, 
however, in which ail brachials remain permanently free, and the 
calyx is not enlarged in proportion to the visceral mass, the pos- 
terior side of the disk forced its way out through the anal open- 
ing, and formed the so-called ventral sac, which has always a 
narrow neck along the base. According to our interpretation the 
ventral sac is an enormously developed interpalmar area supported 
by the anal plate, and as such reminds us of the asymmetrical 
disk in the recent genus Actinonometra, in which the anus is 
central and the mouth marginal. 

In most of the Fistulata, the ventral sac is perforated with 
round or slit-like openings, transversely arranged, which enter 
the outer margins of two adjoining pieces, but never penetrate 
the inner portions of the plates like the water pores of the 
Neocrinoidea. The openings either extend over the whole surface 
of the sac ; or are arranged in longitudinal rows — porous plates 
alternating with solid ones ; — or the terminal end is composed of 
large solid pieces, frequently spiniferous ; or as in the Carboni- 
ferous species of Cyathocrinus the entire tube is composed of solid 
hexagonal plates, and the porous or anambulacral plates are 
restricted to the small area usually occupied by the smaller 
proximals. In the Poteriocrinidae, the anambulacral plates 
extend over the greater part of the ventral sac, but in the 
Catilloerinidae and Calceocrinidae they are limited to one side of 
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ft. The two latter groups possess a series of large anal plates, 
arranged horizontally, and these form a proboscis with a furrow 
at its ventral side. This proboscis was incorporated into the sac 
in a somewhat similar manner as the lower arm joints and 
pinnules into the disk of the Neocrinoidea. In this structure the 
two groups have close analogies with the recent genus Thaumato- 
crinus. In that genus, however, the row of anal plates does not 
enter the perisome, but forms an independent solid appendage in 
the shape of a cone, which apparently has no functions, as the 
anal opening is persomic, and we regard this peculiar appendage 
as a remarkable instance of atavism. 

It is probable that in the latter Poteriocrinid® and Encrinidae, 
the interradials and summit plates became finally resorbed, and 
the perisome was more or less restricted to the ventral disk, as 
in these genera the sac dwindled down to a small conical tube, 
which probably disappeared in Encrinus before reaching maturity. 

That the openings along the ventral sac are not genital open- 
ings, as suggested lately by Trautschold, need not be discussed, 
as most of the Fistulata have well-developed pinnules, and these 
are not prehensile organs as supposed by him, but are continua- 
tions of the arms which contained the genital glands. Neither 
is it true that the ventral sac is frequently present or absent in 
the same species. It existed in every individual, but is rarely 
preserved in the fossil, and is often obscured by the arms. 

Nothing is known frpm actual observation of the perisome of 
the Ichthyocrinidae, and little if anything of the construction of 
the ventral side in any of their genera. The interradial plates 
of the dorsal side have been described by us as movable, some- 
what irregular in form and arrangement, and upon this, prin- 
cipally, we based our conclusion that the plates of the ventral 
covering were movable, in some cases perhaps squamous. In 
Onychocrinus only there has been observed by Lyon and us 
indistinct traces of a ventral covering, but too imperfect to give 
much information either as to the real nature of the plates, or 
as to their arrangement. Carpenter regards all interradials of 
the do real side as calyx plates, and all those succeeding them 
and located ventralty as parts of the disk. We admit that the 
latter may have a superficial resemblance to the small, irregular 
and movable perisomic plates of Extracrinus and other Neo- 
crinoidea to which he alludes. But we do not understand why a 
5 
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flexible calyx, with a flexible vault, may not enclose a soft or 
even a plated disk such as we find in Crotalocrinus and Enallo- 
crinw. The thinness and irregularity of the plates is no valid 
argument against it. We find such plates ventrally in Qlypto- 
crinus and some species of Physetocrinus, and there are plates 
of the same nature dorsally in the Reteocrinidae. On the other 
hand we find massive and more or less regular plates dorsally in 
Apiocrinua, which Carpenter considers to be perisomic. To our 
minds the case of Extracrinus is by no means parallel to that of 
the Ichthyocrinidae, as that genus is destitute of calyx inter- 
radials. If his argument were correct, then all the plates of the 
Ichthyocrinidae and Reteocrinidae should be considered as peri- 
somic. In that case the perisomic portions of the Crinoid would 
predominate so enormously that nothing would be left for the 
abactinal part except the base, and species of Beteocrinus, which 
so good an observer as S. A. Miller considered as congeneric 
with Glyptocrinus, would constitute a distinct order. And we 
would have the anomaly that the earliest known forms of Crinoids 
would be in this respect examples of the highest organized types, 
and most closely allied to the recent Crinoids. 

In support of his view, Carpenter has no other proof than this 
superficial resemblance. There is no evidence of the existence 
of external food grooves, which must follow if these plates are 
perisomic. The same reasons that led us to regard the smaller 
interradials in Apiocrinus — massive as they are — as perisomic 
plates, compel us to consider all plates of the Ichthyocrinidae, 
interradial in position, as belonging to the same element, and 
either all perisomic or all calyx plates. 

If the plates in question were perisomic, it would obliterate the 
last distinguishing feature between Neocrinoids and Palaeocrinoids, 
and we should like to know upon what points Carpenter would 
separate the Ichthyocrinidae and Reteocrinidae from the Neocri- 
noidae. We admit that the direct proof of our views as to the 
ventral Structure of the Ichthyocrinidae is as yet wanting, but in 
this respect Carpenter is no better off, and it seems to us that the 
weight of argument from analogy is in our favor. 

The Relations of the Pal^ocrtnoidea to the Neoorinoidea. 

The name " Palaeocrinoidea " was proposed by one of us in 1877 
(Amer. Journ. Sci., vol. xiv, p. 190), but not properly defined 
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until 1819 (Rev. i, p. 30). At that time we also proposed the 
name " Stomatocrinoidea," and made both groups subdivisions of 
the "order " Crinoidea, of equal rank with Blastoidea and Cj'stidea. 
To the Palaeocrinoidea we referred the earlier brachiate Crinoids 
in which mouth and food grooves are subtegminal or hidden from 
view ; to the Stomatocrinidae the Mesozoic and recent Crinoids in 
which mouth and food grooves are exposed upon the disk. Both 
groups were admitted by Carpenter and Etheridge, Jr., in 1881, 
bat they changed the name Stomatocrinoidea into " Neocrinoidea" 
because, as they stated, our name was " long and cumbersome," 
and they were " by no means sure that some of the Palseocri- 
noids had not an external anal opening." We might, no doubt, 
successfully controvert the right of Carpenter and Etheridge to 
change our name, which had priority, and which was sufficiently 
defined to be recognized, until they proved satisfactorily that the 
name-giving characters were inconsistent or incorrect. This view 
of the case was evidently taken by De Loriol, who in his late work 
(Palfont. Francaise, tome xi, p. 43) placed both names in equal 
rank. We hold there is not a single Paleeocrinoid known in 
which either mouth or food grooves are exposed, nor a " Stomato- 
crinoid " in which they are closed, and this we still regard as one 
of the best distinctions between the two groups. We, therefore, 
wish to have it understood that, in accepting Carpenter's name, 
we do not give up our original position, but yield to the preferable 
name. 

The Crinoidea were subdivided by Joh. Miiller into " Crinoidea 
Articulata " and " Crinoidea Tessellata," the latter including the 
Inarticulata and Semiarticulata of Miller. Miiller's definitions of 
his groups were extremely vague, but we may conclude from the 
names and from the genera which he referred to them, that they were 
based upon a supposed difference in the mode of union of the first 
radials with the plates which they bear. Among the Tessellata, 
however, we find Poteriocrinus which has highly developed articular 
facets, not only between radials and brachials, but also at the bifurca- 
tions of the arms. Zittel, who adopted Miiller's divisions, defined 
the calyx plates of the Tessellata as " Unbeweglich durch einfache 
Nathe verbunden ; " those of the Articulata as " durch gelenkartig 
ausgehohlte und gewolbte oder ebene Nathflachen verbunden." 
But nevertheless he refers to the Tessellata the Ichthyocrinidae, 
in which the radials are united with one another by ligament and 
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frequently by muscles also, as seen by the articular faces of 
Forbesiocrinus nobilis (PL 5, figs. 3 and 4), and we have seen 
similar faces in Ichthyocrinus and Taxocrinus. Among the later 
Poteriocrinidae there are also several genera with fossae along the 
lateral faces of the radials, which indicate a certain degree of 
mobility even among the plates of the calyx. On the other hand, 
the higher radials of the Apiocrinidae, which Zittel refers to the 
Articulata, are as solidly united among each other directly, or by 
means of intercalated plates, as in any so-called " tessellate " Cri- 
noid. All of this tends to prove that a division based upon the 
mode of union between the plates is totally impracticable, if 
intended to separate the palaeozoic from the later Crinoids, as 
done by Zittel. We think, however, it affords important data for 
establishing subdivisions of the Palaeocrinoidae, among which we 
recognize Articulata and Camarata, the former having their plates 
connected by articulation, the latter by suture. 

The distinctions between the Neocrinoidea and Palaeocrinoidea, 
according to Carpenter (Challenger Report, pp. 149-154), are 
the following : — 

1. In the Neocrinoidea, underbasals are rarely represented; in 
the Palaeocrinoidea, frequently. 

2. In the Neocrinoidea " by far the greater number of genera 
have five equal and similar basals, with five equal and similar 
radials resting upon them. ,, Exceptions to this rule are found 
in Hyocrinus, which has three basals, and Holopus and Eudesi- 
crinus in which the radials are not symmetrical ; " but this want 
of symmetry is not due to the intercalation of any anal plate as 
in nearly all Palaeocrinoids. ,, 

3. In all Neocrinoidea, with the exception of Thaumatocrinus, 
" the primary radials are in contact with one another by the 
entire length of their sides ; or more rarely, as in Guettardi- 
crinus , Uintacrinus and Apiocrinus roissyanus, their distal angles 
are cut away so as to receive the lower part of the first inter- 
radial. This feature, which is common enough in the Palaeo- 
crinoidea, is rare in the Neocrinoidea." 

4. Most of the Neocrinoidea have no interradial plates in the 
calyx, but when present "they are not limited to any special 
side of the calyx, but are equally distributed all round it, so that 
there is no distinction of the anal side, Thaumatocrinus excepted." 
In the Palaeocrinoidea, however, " the pentamerous symmetry of 
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the calyx is almost always disturbed by a greater or less modi- 
fication of the plates on the anal side." 

5. In the Neocrinoidea " the basals are pierced by interradial 
canals or grooves, which lodge the cords proceeding from the 
angles of the chambered organ," whence they pas9 into the 
radials. None of them have permanently imperforate radials as 
bo many Palaeocrinoidea, the latter group remaining in an embry- 
onic condition. 

6. In the Neocrinoidea, with the exception of Metacrinus and 
Plicatocrinus, the axillary is the third of the primary radials ; 
while in the Palaeocrinoidea the first radials themselves may be 
axillary or any other plate beyond the first. 

7. The arms of the Neocrinoidea, with the exception of one or 
two species of Encrinus, are uniserial, those of the Palaeocrinoidea 
frequently biserial. 

8. The mouth and food grooves of all adult Neocrinoidea are 
exposed to view ; in the Pakeocrinoidea, with but few exceptions, 
closed by plates. 

In most of these points we agree with the English scientist, 
but in some of them we think modifications should be made, and 
there is one point to which he did not give the importance which 
we think it deserves. 

We agree with Carpenter that underbasals are rarely observed 
in Neocrinoids, which, as we have stated elsewhere, are built 
upon the plan of dicyclic Crinoids. The angles of the column 
are directed interradially, the cirrhi radially; while the opposite 
is the case in Actinocrinus, Glyptocrinus, Belemnocrinus, Hetero- 
crinu8 1 etc., which are known to be monocyclic, and we conclude 
from this structure that all Neocrinoidea, or at least most of 
them, in their larval state may have possessed rudimentary 
underbasals hidden by the column. 

Among Neocrinoidea, Thaumatocrinus is the only genus in 
which calyx interradials are evident, and it is very doubtful to us 
whether even these plates, which rest within the ring of the first 
radials, really are the homologues of the first interradials of the 
Actinocrinidffi, Platycrinidae or Cyathocrinidae. The interradials 
of Thaumatocrinus were covered in the larva by the oral pyra- 
mid ; while those of the young Palceocrinoid form the whole of 
the ventral surface. The so-called " interradials " of Guettardi- 
crinus, Apiocrinus roissyanus r and Uintacrinus we take to be 
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perisomic plates, and we cannot understand how Carpenter can 
admit interradials in Apiocrinus roissyanus, and not in Apio- 
crinus Meriani (De Loriol, Pal. Franc, tome xi, PL 40), Apio- 
crinus Rathieri (Ibid., PI. 50) and Apiocrinus murchisonianus 
(Ibid., PI. 53). But it is still more remarkable that in Apiocrinus 
roissyanus Carpenter considers only the first row, and not the 
succeeding ones also, as calyx plates. The latter are equally 
solid, suturally connected, and rest like the first plate, between 
the primary radials. 

In our opinion Carpenter lays too much stress upon the 
asymmetry of the calyx in the Palseocrinoidea, which he attributes 
to the intercalation of an anal plate. If the asymmetry of the 
basals was due to that cause only, genera such as Eucalypto- 
crinus, Coccocrinus, Mycocrinus, Dolatocrinus and Corymbo* 
crinus, which have no anal plates in the calyx, should have very 
regular basals, while in fact Eucalyptocrinus has the same basal 
arrangement as Melocrinus, Dolatocrinus as HexacrinuSj Corymbo- 
crinus as Abacocrinus, the last named of which all possess anal 
plates. It is also well known that in Platycrinus and the Bias- 
toidea, and all other genera with three unequal plates in the basal 
ring, the smaller plate is always located to one side, not pos- 
teriorly, and it is difficult to understand how in Haplocrinus the 
asymmetry of the calyx could be attributed to an anal plate, or 
to the anal opening, when the latter penetrates the very top of 
the so-called " orals." We admit that the dorsal cup is more 
frequently asymmetrical in Palajocrinoidea than in Neocrinoidea, 
but exceptions" are so numerous that we cannot attach to this 
point the importance that Carpenter does, who considered the 
symmetry, or want of symmetry, to be the best distinction 
between the two groups. We believe the condition of the mouth, 
and that of the oral surface generally, is of much greater import- 
ance, and proves to be a more constant character than any of 
those to which attention has been directed. Carpenter thinks 
Goccocrinus forms an exception to this rule, which he regards to 
be in the condition of the Neocrinoid genus Ifolopus, and that 
consequently its mouth was exposed. If this were true, we should 
not hesitate a moment to refer that genus to the Neocrinoidea, 
as nothing would be left to make it a Palajocrinoid, not even the 
asymmetry. 
^esOLct* Carpenter denies that interradials are present aar2C=rnifi_ in 
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Palaeozic Crinoids, and he, therefore, does not attach to these 
plates the value which we think they deserve. According to our 
interpretation they are present in all Palreocrinoids, but absent 
or incompletely developed in the Neocrinoidea. By means of 
the interradials the two groups differ essentially in their larval 
state ; the whole ventral surface of the Neocrinoid larva is 
covered by the orals, but in the Palaeocrinoid larva the inter- 
radials physiologically take their place, and the orals or their 
equivalent is subtegminal. The indistinct calyx interradials, 
which appear for a short period in the Pentacrinoid larva, be- 
came resorbed before taking any prominent part in the formation 
of the calyx, while the interradials of all Palseocrinoids are well 
defined and permanent plates. It is possible that the interradials 
of the Encrinidse were similarly resorbed shortly before the 
Crinoid reached maturity, but they were evidently well developed 
in their earlier life, as we may judge from their affinities with the 
Cyathocrinidae and Poteriocrinida?, and this, principally, has in- 
duced us to refer them to the Palaeocrinoidea. 

We propose the following definitions of the two groups : — 

PALAEOCRINOIDEA Wachsmuth. 

Crinoids with irregularly pentamerous calyx ; plates united by 
suture or articulation. Base monocyclic or dicyclic. Basals and 
underbasals variable in number. First radials rarely in lateral 
contact all around, two of them often separated by an anal plate, 
and sometimes all of them by interradials. The succeeding plates 
of the rays are free or become incorporated into the calyx. Arms 
more frequently biserial than uniserial. There is always at least 
one interradial to each side which is located ventrally, but when 
there are a number of them, dorsally and ventrally. The interra- 
dials extend to the summit plates or cover them, occupy the 
greater portion of the ventral surface, and either form a vault 
over the perisome or support the perisome ; in either case, how- 
ever, mouth and disk ambulacra are completely closed. The 
summit plates are substantially a repetition of the plates in the 
calyx. They consist of an undivided plate which represents the 
basals ; of the proximals or interradials and anals ; and frequently 
of radial dome plates. 

NEOCRINOIDEA Carpenter. 

Crinoids with regularly pentamerous calyx, without interradial 
or anal plates ( ThaumcUocrinus excepted). Underbasals rarely 
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well developed, being either rudimentary or absent. Basals five, 
exceptionally three. Radial 8 perforated, and generally united to 
succeeding plates by a muscular articulation. Rays simple or 
dividing ; the lower arm joints frequently connected laterally by 
perisome. The first axillary plate generally the second joint 
after the first radial ; arms uniserial. Ventral surface completely 
occupied by actinal structures, either simply membranous or 
paved with irregular plates ; traversed by the ambulacra, which 
have open food grooves. Orals five ; always represented in the 
larva, but frequently resorbed in the adult ; at first in lateral 
contact, but afterwards separating so as to open out the tentacular 
vestibule, and expose the mouth. 

Classification. 

The " Stalked " Echinoderms, by which we understand the 
Crinoidea in their widest sense, have been regarded by some 
writers as constituting an independent class, by others as an 
44 order " of the class Echinodermata. The latter view, which has 
been adopted by most of the later European systematists, was 
somewhat modified in the classification of Dr. P. H. Carpenter, 
who ranks the Stalked Echinoderms under the name " Pelma- 
tozoa " as a " branch " of the " phylum " Echinodermata, and he 
makes the Crinoidea — sensu str. — and the Cystidea and Blas- 
toidea, full classes, of equal rank with the Holothurians, Echi- 
noids, Asteroids and Ophiurids. 

The name Pelmatozoa, as stated by Carpenter (Chall Rep., p. 
193), was introduced by Leuckart in an essay published in 1848, 
and more fully discussed in 1865, in his " Bericht iiber die wis- 
senschaftlichen Leistungen in der Naturgeschichte der niederen 
Thiere." In the latter paper he subdivides the Echinodermata 
into three groups : the Pelmatozoa, to include the Stalked Echi- 
noderms, i. e.j Crinoidea in the broadest sense ; the Scytoder- 
mata, to embrace the Holothurians ; and the Echinozoa, under 
which he placed the Urchins, Starfishes and Ophiurans. 

That the Stalked Echinoderms and Holothurians are more 
distinct from each other, and from the three groups for which 
Leuckart proposed the name Echinozoa, than these are among 
themselves, cannot be denied, but it is questionable whether it is 
necessary or even desirable to express this in the classification, 
any further than by placing in juxtaposition the nearest allied 
groups. Too many subdivisions encumber the classification, and 
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as long as the Scytodermata and Echinozoa of Leuckart are not 
accepted, we think it unnecessary to establish a branch for the 
Pelmatozoa. In principle, however, we agree with Carpenter, 
and admit that the "Pelmatozoa ,7 differ very essentially " in the 
presence of a stem, and in the consequent departure from the 
ordinary habits of an Urchin, Starfish or Holothurian. Whether 
sessile or provided with a stem, the Crinoid lies on its aboral 
surface instead of creeping about mouth downwards in search of 
food" (Chall. Rep., p. 193), and they differ also in having no 
locomotor organs in connection with the ambulacral system (Ibid., 
p. 188). All this, however, we think is sufficiently expressed by 
giving the Pelmatozoa the rank of a class, and placing them at 
the end of the list. 

In our opinion there is no doubt that J. S. Miller proposed the 
name Crinoidea to designate exclusively the brachiate Crinoids, 
for he stated in his description (A Nat. Hist. Crin., p. ?), that 
" there proceed from the upper rim of the cup-like body five artic- 
ulated arms, divided into tentaculated fingers," and among the 
species which he refers to them there is neither a Blastoid nor a 
Cystid. Unfortunately, however, later writers have used the name 
in a twofold sense, designating thereby the class and one of its 
subdivisions, until lately Zittel, in his Handb. der Palseontologie, 
to remedy this, proposed the name " Eucrinoidea " for the 
M Brachiata " i. 6., Crinoidea, sensu str., and " Crinoidea" to take the 
name of the class, an arrangement which has since been accepted 
by De Loriol. To conform to Miller's idea, the new term should 
have been given to the class, and not to the subdivision. But as 
Leuckart had already proposed the collective name " Pelmatozoa," 
which has priority, and is a more appropriate term than Crinoidea, 
Zittel's scheme need not be discussed. 

Carpenter has placed the Blastoidea and Cystidea on a level 
with the Crinoidea, making all three distinct classes, a rank to 
which we think they are not entitled. The three groups, accord- 
ing to our views, are mere modifications of the same plan which, 
so far as known, originated in the Cystidea, and of which the 
Blastoidea and Crinoidea are mere offshoots. The latter group, 
but especially the Blastoidea, are linked together with the Cys- 
tidea by such easy transitions, that among the earlier types it is 
difficult to draw any clear line of demarkation. We are unable 
to point out a single character that is not found exceptionally in 
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one of the other groups. We do not except the calicine pores or 
the pectinated rhombs, which are regarded as characteristic of 
the Cystids, nor the lamellar tubes beneath the ambulacra, which 
were thought to be restricted to the Blastoids. Even jointed arms 
occur in many Cystids, and in some of them they are connected 
with the radials in a similar manner as in the Crinoidea. 

We do not wish to enter upon a discussion of the structural 
peculiarities of the Cystidea and Blastoidea, and, if we allude to 
them here, it is only to illustrate their close affinities with one 
another, and with the Palaeocrinoidea. Asteroblastus^ judging 
from the calyx, is a Cystid, but it has Blastoid ambulacra, 
Blastoid pinnules, associated with ambulacral and calicine pores. 
The same structure occurs in (?) Agelacrinus Pusirewskii Hof« 
mann. On the other hand, the Blastoid genus Codaster has 
neither spiracles nor ambulacral pores ; its h} r drospires open out 
like those of certain Cystidea, and they do not underlie the 
ambulacra, but are placed alongside of them. Codaster was 
referred by Billings and Zittel to the Cystidea, but is now 
generally recognized as a Blastoid. Stephanocrinus has been 
variously described as a Crinoid, Blastoid and Cystid. As 
admitted by Carpenter, it has probably no hydrospires, and so 
far as known no calicine pores nor pectinated rhombs, but it 
possesses long Crinoid-like brachial appendages. Caryocrinus, 
which has been very generally regarded as a C3 r stid, has seg- 
mented pinnule-bearing arms like a Crinoid, and these are at- 
tached to the radials, but it has calicine pores, and numerous 
hydrospires along the inner floor of the calyx. Porocrinus has a 
calyx and arms like a Cyathocrinoid, but calicine pores like a 
Cystid. Hybocystites was described by Wetherby as a Cystid ; 
by Carpenter as a transition form between Crinoids and Blastoids, 
but nearer the latter ; while we consider it a Crinoid. Its arm 
structure is that of a Cystid, but it has apparently neither calicine 
pores, rhombs, nor lamellar tubes. The Crotalocrinidse and Euca- 
lyptocrinidae probably have hydrospires within the calyx, Cupres- 
Bocrinus and SymbathocrtTius probably hydrospires underneath the 
ambulacra, and both have segmented arms. 

These few examples, to which others might be added, will 
sufficiently show that neither the Blastoidea and Cystidea, nor 
the Crinoidea proper, form primary divisions like the Urchins, 
Starfishes or Ophiurans, but constitute subordinate groups of the 
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Pelmatozoa. Carpenter admits on p. 191 the close affinities 
between the Cystids and Blastoids, but the Crinoidea he takes to 
be a well-defined group " by having segmented arms attached to 
the radials, contrary to the Cystids and Blastoids in which there 
are either no arms at all, or structures of an entirely different 
nature from those of the true Crinoid8. ,, We have already 
directed attention to Caryocrinus and Porocrinus as having well- 
developed arms, similar to those of Hybocrinus, and also calicine 
pores. If we were to make the division between Crinoids and 
Cystids upon the arm structure, and did not make the calicine 
pores the principal distinction between those groups, we would 
also have to place among the Crinoidea Comarocystites, which 
has not only segmented arms but even pinnule-like appendages. 
Neither could we leave out Glyptocystites and PleurocyHtitea, in 
which the arms are long and lined with well-defined covering 
plates. 1 

Burmeister (Zoonomische Briefe, Leipzig, 1856, vol. i, p. 243) 
divided the " Crinoidea " into Anthodiata, among which he in- 
cluded the Cystidea and Blastoidea, and " Brachiata " with 
Tessellata, Artie u lata, Costata and the genus Holoputs. This 
arrangement, leaving out the Costata, which probably are not 
Pelmatozoa at all, seems to us a very good one, and we find it 
convenient to adopt his divisions as " subclasses," substituting, 
however, for Burmeister's name Brachiata, Miller's older name 
Crinoidea. This enables us to discriminate between Palaeocri- 
noidea and Neocrinoidea on the one side, and Cystidea and 
Blastoidea on the other, which, as we have stated, are more 
distinct from one another than the groups which we place under 
them. To make the Anthodiata and Crinoidea separate classes, 
on a level with the Urchins, would give to them too much im- 
portance. We doubt if Carpenter will claim them to be anything 
like as distinct groups as the Ophiurids and Starfishes, which 
by some systematists were regarded as mere subgroups of the 



1 The Cystidea have never been properly defined. They form in our 
opinion an assemblage of several groups of equal rank with the Blastoidea. 
8. A. Miller pointed out in the Cincinnati Journal of Nat. Hist., Dec. 1882. 
the Lichinocrinoidea and Agelacrinoidea as orders of the Crinoidea ; the 
latter name, however, must be changed to "Edriasterida," as this has 
priority. It was proposed by Prof. Huxley in his classification of animals, 
London, 186% p, 18Q (Carpenter). 
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Stellerites. These, however, differ essentially in their mode of 
development, which can hardly be claimed for the Anthodiata 
and Crinoidea. We can only say of them that, as a rule, in the 
former the organs generally were contained within the calyx, 
whereas in the Crinoidea the generative and respiratory apparatus 
is almost entirely confined to the arms, and probably neither 
Blastoids nor Cystids had appendages united by paired muscular 
bundles. The Palaeocrinoidea form parallel groups with the 
Blastoidea, both being descendants of the Cystidea ; while the 
relations of Palaeocrinoidea and Neocrinoidea are similar to those 
of Palaeocrinoidea and Cystidea, and Cystidea and Blastoidea ; 
but the Neocrinoidea, although they are of later descent, are 
equally well defined. In making these four groups orders of the 
Anthodiata and Crinoidea respectively, we place at the head of 
the list the Cystidea, as being the typical form, the Blastoidea 
next, and at the opposite end the Palaeocrinoidea and Neocrinoidea. 

In correspondence with Dr. Carpenter he has admitted that 
his classification tends to give an expression of well-marked 
differences between Crinoids, Cystids and Blastoids, which, as 
he stated on p. 191 of his Report, do not exist between the two 
latter, and we are authorized to state that he concurs with us in 
re-establishing Burmeister's Anthodiata and Braohiata, as we 
have practically done, the former to include as " orders " the 
Cystidea and Blastoidea, the latter the Palaeocrinoidea and Neo- 
crinoidea. We believe, therefore, that there is very little differ- 
ence between us on this point. 

Various other classifications have been proposed by different 
writers, for which we refer to the Challenger Report, pp. 186-196. 
The following classification will be adopted by us, viz. : — 

Phylum, ECHINODERMATA. 

Class, Pelmatozoa. 

Subclass I, Anthodiata. Subclass II, Crinoidea (Brachiata). 

Order 1, Cystidea, etc. Order 3, Palaeocrinoidea. 

Order 2, Blastoidea. Order 4, Neocrinoidea. 

Class, Pelmatozoa. 

Definition. 1 — Echinoderms which are fixed either permanently 



1 This and the succeeding definition is taken from Carpenter (Chall. Rep., 
pp. 186), with a slight alteration in the first one which is indicated by 
italics. r 
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or temporarily by the middle of the aboral surface. A jointed 
stem containing a neurovascular axis is usually present, but may 
be lost "when maturity is reached ; or in the case of a few sessile 
forms, remain altogether undeveloped. The apical system con- 
sists of a dorsocentral plate, basals and radials, with the frequent 
addition of underbasals and interradials. These plates form a 
cup, which either simply supports or more or less completely 
encloses the visceral mass, and often bears jointed appendages, 
the arms and pinnules. 

An oral system, to some extent a repetition of the plates in the 
apical system, consisting of basals, radials and interradials, 
covers the peristome, but may be altogether resorbed, or be re- 
stricted to basals only. The anus either is located within the 
calyx, and surrounded by abactinal plates, or forms a part of 
the oral surface. 1 

The water vascular ring does not communicate directly with 
the exterior, and the lateral branches of the radial vessels (when 
present) are respiratory, but not locomotor in function. 

Subclass, Crinoidea. 

Definition. — Pelmatozoa, in which the radial plates of the 
calyx bear more or less branching arms. These consist of 
segments which are articulated by means of muscles and liga- 
ments, and in most cases bear similar jointed appendages, the 
pinnules. The nervous system consists (1) of a central organ 
situated in the calyx, and fibres extending from it through the 
skeleton of the stem, arms and pinnules ; (2) of a circumoral 
ring and radial extensions which are in close relation with the 
ciliated epithelium of the ambulacral grooves. These are more or 
less extensively distributed on the ventral surface of the disk, 
arm 8 and pinnules ; and are bordered by groups of tentacles 
which alternate on opposite sides. When they are absent, the 
radial water vessels give off no tentacular branches. The water 
vascular ring opens by five or more water tubes into the body 
cavity, which itself communicates with the exterior by a corres- 



1 Carpenter's version: "An oral system, consisting of a central plate 
(orocentral) and five orals, is developed above the peristome of the larva 
to a very variable extent, and may be either altogether resorbed, or reach 
a high degree of importance by the appearance of additional plates so as to 
form a vault or tegmen catycis. The anus is situated on the oral surface, 
which may be bare, or more or less covered by calcareous plates." 
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Stellerites. These, however, differ essentially in their mode of 
development, which can hardty be claimed for the Anthodiata 
and Crinoidea. We can only say of them that, as a rule, in the 
former the organs generally were contained within the calyx, 
whereas in the Crinoidea the generative and respiratory apparatus 
is almost entirely confined to the arms, and probably neither 
Blastoids nor Cystids had appendages united by paired muscular 
bundles. The Palaeocrinoidea form parallel groups with the 
Blastoidea, both being descendants of the Cystidea ; while the 
relations of Palaeocrinoidea and Neocrinoidea are similar to those 
of Palaeocrinoidea and Cystidea, and Cystidea and Blastoidea ; 
but the Neocrinoidea, although they are of later descent, are 
equally well defined. In making these four groups orders of the 
Anthodiata and Crinoidea respectively, we place at the head of 
the list the Cystidea, as being the typical form, the Blastoidea 
next, and at the opposite end the Palaeocrinoidea and Neocrinoidea. 

In correspondence with Dr. Carpenter he has admitted that 
his classification tends to give an expression of well-marked 
differences between Crinoids, Cystids and Blastoids, which, as 
he stated on p. 191 of his Report, do not exist between the two 
latter, and we are authorized to state that he concurs with us in 
re-establishing Burmeister's Anthodiata and Brachiata, as we 
have practically done, the former to include as " orders " the 
Cystidea and Blastoidea, the latter the Palaeocrinoidea and Neo- 
crinoidea. We believe, therefore, that there is very little differ- 
ence between us on this point. 

Various other classifications have been proposed by different 
writers, for which we refer to the Challenger Report, pp. 186-196. 
The following classification will be adopted by us, viz. : — 

Phylum, ECHINODERMATA. 
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or temporarily by the middle of the aboral surface. A jointed 
stem containing a neurovascular axis is usually present, but may 
be lost when maturity is reached ; or in the case of a few sessile 
forms, remain altogether undeveloped. The apical system con- 
sists of a dorsocentral plate, basals and radials, with the frequent 
addition of underbasals and interradials. These plates form a 
cup, which either simply supports or more or less completely 
encloses the visceral mass, and often bears jointed appendages, 
the arms and pinnules. 

An oral system, to some extent a repetition of the plates in the 
apical system, consisting of basals, radials and interradials, 
covers the peristome, but may be altogether resorbed, or be re- 
stricted to basals only. The anus either is located within the 
calyx, and surrounded by abactinal plates, or forms a part of 
the oral surface. 1 

The water vascular ring does not communicate directly with 
the exterior, and the lateral branches of the radial vessels (when 
present) are respiratory, but not locomotor in function. 

Subclass, Crinoidea. 

Definition. — Pelmatozoa, in which the radial plates of the 
calyx bear more or less branching arms. These consist of 
segments which are articulated by means of muscles and liga- 
ments, and in most cases bear similar jointed appendages, the 
pinnules. The nervous system consists (1) of a central organ 
situated in the calyx, and fibres extending from it through the 
skeletbn of the stem, arms and pinnules ; (2) of a circumoral 
ring and radial extensions which are in close relation with the 
ciliated epithelium of the ambulacral grooves. These are more or 
less extensively distributed on the ventral surface of the disk, 
arms and pinnules ; and are bordered by groups of tentacles 
which alternate on opposite sides. When they are absent, the 
radial water vessels give off no tentacular branches. The water 
vascular ring opens by five or more water tubes into the body 
cavity, which itself communicates with the exterior by a corres- 



1 Carpenter's version: "An oral system, consisting of a central plate 
(orocentral) and five orals, is developed above the peristome of the larva 
to a very variable extent, and may be either altogether resorbed, or reach 
a high degree of importance by the appearance of additional plates so as to 
form a vault or tegmen calycis. The anus is situated on the oral surface, 
which may be bare, or more or less covered by calcareous plates.' 9 
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ponding number of water pores. The mouth is central, except 
in a few genera, and the anus subcentral or excentric. The 
genital glands are lodged in the lower parts of the arms, "but are 
usually fertile only in the pinnules. 

The Subdivisions op the Paljeoorinoidea. 

Among the Palaeocrinoidea we recognize three great divisions, 
which on the whole correspond to our former groups, Sphaeroido- 
crinidse, Ichthyocrinidae and Cyathocrinidse. These groups, 
w*hich are divisible into definite subgroups, will be ranked by us 
as suborders of the Palaeocrinoidea, and the subgroups as fami- 
lies. The three suborders, for which we have proposed the names 
Oamarata, Articulata and Inadunata, are distinguished from one 
smother principally by the mode of union among the calyx plates, 
and the condition of the arms as to whether their lower plates 
constitute a part of the calyx, and as sudh enclose the visceral 
cavity, or form parts of the free arms. These groups are not 
only well defined in nature, as shown by the fact that they are so 
readily recognized, but they are also most convenient for all de- 
scriptive and comparative work. 

When we first defined the three groups (Rev., i and ii), we laid 
the greatest stress upon the construction of the ventral surface, 
which, as we stated, offered most excellent characters for their 
separation ; but as the modifications which take place among 
them, to a large extent, result from the conditions of calyx and 
arms, we regard the structure of their ventral side as of subordi- 
nate rank. This necessitates a re-description of those groups, 
especially as our present views upon the ventral plates generally 
differ essentially from those previously held by us. 

We have stated that the so-called " orals," upon which the 
M Cyathocrinidae " — the Inadunata of our new classification — were 
at that time principally founded, are interradials, which attained 
their ventral position by being in lateral contact, in place of 
resting laterally against the lower arm plates. The construction 
of the ventral surface in the earlier Inadunata thereby became 
fundamentally identical with that of the " Sphseroidocrinidce," 
except that the latter attained subsequently a larger number of 
interradials. In the later Inadunata the ventral structure is very 
different; indeed, so much so that the two sections according to 
our former views should have been distinctly separated. This we 
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had contemplated, but we encountered great difficulties, as the 
two forms run very closely from one into the other. Even the 
ventral sac, the best distinguishing character, undergoes all 
possible modifications. It dwindles down to almost nothing in 
some of them, and its porous nature is sometimes very indistinctly 
developed or even unrepresented. We regard these modifications, 
as they occur in palseontological times, as representing various 
stages of development in the history of this group, and as good 
generic characters, but do not attach to them the importance we 
did before. We have, however, placed the genera in which a 
ventral sac is developed as a group by themselves, to separate 
them from those in which it is absent. The latter group, which 
represents the larval form, will be designated by us as " Larvi- 
formia " the former as " Fistulata. 11 

Instead of the name Sphaeroidocrinidfle, which is objectionable 
for several reasons, we propose to use Camarata, under which we 
have placed several additional groups. To the Articulata (nobis, 
not Miiller or Miller), which we restrict to the articulated Palseo- 
crinoidea, we refer the Ichthyocrinidae and Crotalocrinidae. If 
there is any objection to re-establishing Muller's name, which 
has been generally discarded, we might change Articulata into 
"Articulosa." We think, however, we are fully entitled to adopt 
the former, as the Crinoids which we refer to them are true 
Articulata in Miiller's sense. We place the Camarata, which we 
regard as the typical form of the Palaeocrinoidae, at the head of 
the list, the Articulata next, and the Inadunata, which in some 
respects approach the Neocrinoidea, at the opposite end. 

The Camarata embrace all Palseocrinoidea in which the plates 
of the test are solidly united by suture, and in which the lower 
arm plates are incorporated by means of interradial plates so as 
to form a part of the calyx. The underbasals are frequently 
undeveloped. The basals of monocyclic genera are variable in 
number, five being the exception. The primary radials consist 
generally of three plates to each raj', rarely of two or four. 
There is always at least one secondary radial, which may give 
off the free arms or support others, and frequently radials of 
higher orders. Interradials numerous, or not less than two ; the 
first one resting upon the sloping upper sides of the first radials, 
or alternating with them. The interradials, together with the 
interaxillaries and anal plates, separate the rays and their sub- 
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divisions, and cover the greater part of the ventral surface up to 
the summit plates, or the whole of it including the latter. The 
free arms are simple or branching, and with a few exceptions 
biserial, uniserial only in their immature state, permanently only 
in a few Silurian genera. The articulation of the arms is primitive, 
and dorsal canals have never been observed. All have pinnules, 
which as a rule are closely folded together. The anus is sur- 
rounded by solid plates, suturally connected; its position is 
excentric, except in the Eucalyptocrinidse. 

The summit plates are largely developed, and consist in all 
Carboniferous, and in most of the Devonian genera, of an undi- 
vided oral plate, proximals, and frequently one or more radials; 
in most of the Silurian forms, however, of orals only, and even 
these may be covered by interradials. The disk is subtegminal, 
but sometimes the covering pieces enter the outer surface, when 
they take the condition of surrounding plates. The Camarata 
have small openings along the brachial zone, by means of which 
the water for respiration entered the body. 

To the Artictjlata we refer all Palseocrinoidea in which the 
test is pliable. The calyx extends to the lower arm joints, and 
the plates are united by articulation, and not by suture. Under- 
basals are always represented ; they are small, being frequently 
covered by the column, and consist of either three or five plates. 
The number of primary radials varies from two to seven or more, 
and also the number of the higher orders is very variable. The 
radials of different rays are either in contact laterally or connected 
by the help of interradials. In the former case, frequently, a 
smaller number of radials alternates with a larger one, and the 
plates of one ray rest with their upper sloping sides against 
the lower sloping sides of their fellows of adjoining rays, or vice 
versa. When the radials are separated by interradials, these 
either extend to the basals, or rest against the upper sloping sides 
of the first radials. In some cases, however, the interradials are 
restricted to the ventral surface. The form of the calyx varies 
from almost strictly pentamerous to bilateral symmetry, but it 
sometimes becomes irregular, owing to the interposition of an 
azygoiis plate. Some species have no anal plate dorsally. The 
radial and arm plates are united horizontally by muscles and 
ligament, or perhaps in some cases by ligament only. The lateral 
face of the radials and those of the interradials are provided with 
deep ligamental fossae. The arms are closely folded together, 
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and sometimes connected laterally by a membranous substance. 
The ventral surface, so far as known, is composed of interradial 
plates ; it forms a pliable vault, which extends to the free rays, 
and probably covers not only the disk, but also the summit 
plates. The Crotalocrinidse have no anambulacral pieces, but 
possess hydrospires within the calyx. 

The I nad un at a are subdivided into Larviformia and Fistulata. 
They include all Palseocrinoidea in which the arms are free from 
the first radials. Their calyx is comparatively small ; composed 
exclusively of basal s, frequently underbasals, five radials, five 
interradials, and one or two azygous plates. The proximal ring 
of plates, whether basal or underbasal, is composed of five, or 
less frequently, three plates. The radials are laterally connected 
except at the posterior side, where they are separated by an 
azygous and anal plate, if these have not been resorbed. The 
presence of the azygous plate gives to the calyx a very irregular 
outline. The interradials are located ventrally ; they rest against 
the upper ends of two adjoining radials, and join along their 
lateral margins. 

The ventral covering of the Larviformia consists of com- 
paratively few pieces, among which generally the combined muscle 
plates form a conspicuous part. The central space is covered 
either exclusively by interradials, or these enclose an oral plate, 
which in some of the higher forms is surrounded by proximals. 
The disk is subtegminal in place of being extended into a lateral 
sac. The anal opening either penetrates the interradials, or is 
placed intermediate between two radials or their appendages. 
Respiration took place by pores along the arm furrows, which 
probably communicated with hydrospires. 

In the higher organized Fistulata the perisome is partly or 
wholly exposed, the interradial plates either cover the perisome, 
or this partly covers them. In the latter case the summit plates 
may be resorbed, in the former they are largely represented ; but 
in either case portions of the disk penetrate the calyx posteriorly 
by passing out through the anal opening. These portions form 
either a balloon-shaped or a tubular sac, composed of well-defined 
plates, closed at the end, but perforated over the surface by pores 
along the suture lines ; the pores penetrating the lateral edges of 
the plates. Respiration took place by means of the pores along 
the perisome. 
6 
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Phylum, ECHINODERMATA. 
Glass, PELMATOZOA. 

Subclass, Crinoidea. 
Oedee, PAL^JOCRINOIDEA. 

Subordeb, CAMARATA. 

The Caroarat* embrace the Platycrinidse, Actinocrinidse and 
Rhodocrinidse, which in Part II we grouped together under the 
name Sphseroidocrinidce, and also the Acrocrinidre and Calypto- 
crinidae, which are here described. 

In a paper on Glyptocrinus and Reteocrinus, Amer. Journ. Sci., 
vol. xxv, April, 1883, we intimated on p. 267, that we might find 
it advisable to place Glyptocrinus^ ReteocHnus and allied genera 
in a family by themselves. This had been done by Zittel, and 
has since been adopted by S. A. Miller, under the name of Glyp- 
tocrinidse. Zittel included in this family Glyptocrinus, Glyptas- 
ter, Thylacocrinus, Cupulocrinus, Lampterocrinus, Eucrinus and 
Sagenocrinus, genera all having well developed underbasals, with 
the exception of Glyptocrinus, in which they were said to be ru- 
dimentary. Miller's Ulyptocrinidse contain Archeeocrinus, Cu- 
pulocrinus, Glyptaster, Lampterocrinus, Reteocrinus and his pro- 
posed genus Gaurocrinus, all having underbasals, and Glyptocri- 
nus, Xenocrinu8 and his Compsocrinus and Pycnocrinus, which 
he described as having but one ring of plates below the radials. 

The presence of underbasals has been very generally considered 
a good family distinction, and it has always been a question of 
doubt with us whether we were justified in departing from this 
rule by placing Glyptocrinus and Xenocrinus, in which under- 
basals were said to be absent or indistinctly developed, in the 
same group with Reteocrinus and Archseocrinus, in which those 
plates form a more or less important part. The genera which 
Miller has grouped together, and a few more, agree remarkably 
in general aspect, but they differ not only in the matter of under- 
basals, in the number of basals, but also very materially in the 
disposition and form of their inter radial plates. 

Glyptocrintt8 was originally described as possessing no under- 
basals. Hall afterwards discovered minute pieces enclosed by 
the ring of plates which he had previously designated as basals, 
and which he now called subradials, taking the small inner pieces 
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for the true representatives of the basals. The presence of these 
small pieces was also acknowledged by Meek and ourselves, but 
Meek hesitating to call them basals, applied the name " sub- 
basals;" while we took them to be rudimentary under basals, and 
as such they have been described in Part II of the Revision, and 
in our April paper. 

We have stated elsewhere, that in all Crinoids having basals 
only, the column, when pentagonal, has its angles directed radi- 
ally, the radii of the pentapetaloid or five rayed columnar canal 
interradially, and that the opposite is the case in all species, 
throughout all Palseocrinoidea in which underbasals are present. 
Applying this rule to Glyptocrinus and allied genera, we find that 
every species referred by us to Glyptocrinus^ is without under- 
basals, and that all those, with one or two exceptions, which we 
placed under Beteocrinus, have underbasals. The exceptional spe- 
cies are Glyptocrinus Richardsoni Wetherby, of which we speak 
later on, and Meek's Glyptocrinus Baeri, which we found to be a 
Xenocrinus, having four basals and a subquadrangular column ; 
but, like Xenocrinus and Mariacrinus y a pentangular axial canal, 
its angles directed strictly interradiallj 7 . By carefully grinding off 
the base in Gl. decadactylus, and in several other species, we have 
become satisfied that the pieces which have been designated by 
Hall, Meek and ourselves heretofore, respectively, as basals, sub- 
basals, and rudimentary underbasals, form no part of the calyx, 
but constitute the uppermost portion of the column, which in this 
genus rests within a remarkably deep, funnel-shaped concavity. 

Among the species arranged by Miller under Glyptocrinus, and 
which were said to have no underbasals, are Glyptocrinus Rich- 
ardsoni Wetherby, and Gl. Pattersoni Miller. In Rev., Part II, 
and subsequently in our paper in the Amer. Journal, these species 
were placed under Reteocrinus Billings. In neither one of them 
have underbasals been observed, although these plates may be 
present, hidden beneath the column, as in the case of many Rho- 
docrinidse and Poteriocrinidae. The species differ, however, very 
materially from Gl. decadactylus and allied species without under- 
basals in the distribution and position of their interradial plates, 
which are irregularly arranged, and rest upon the five basals, ex- 
actly as they do in Reteocrinus stellaris and in R. O'Nealli, which, 
contrary to the other species, have well developed underbasals. 
The case is similar in Xenocrinus penicillus Miller, only that in 
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this species underbasals are known to be absent, and they have 
four in place of five basals. Any difference in the number of 
basals has been generally considered a good generic distinction, 
and this makes Xenocrinus, undoubtedly, a good genus. But in 
which group shall we place it ? Together with Reteocrinua or 
Glyptocrinus ? Together with species in which the interradials 
rest upon the basals, and which have well developed underbasals, 
or with species destitute of underbasals, and with their interra- 
dials, as in Glyptocrinus, resting upon the first radials ? 

In Part II we maintained that, as a rule, the presence or ab- 
sence of underbasals should be considered of more than generic 
importance, and this we made the principal distinction between 
Actinocrinidae and Rhodocrinidse. We pointed out, however, 
that in these families there are several genera, among the earlier 
types, which are closely connected by transition forms, and shade 
almost imperceptibly from one into another. We even thought 
it possible that species of the same genus might possess under- 
basals in a rudimentary way, while those plates might be totally 
absent in others. This is not confirmed by our later investiga- 
tions, but it is nevertheless by no means an easy task to separate 
some of the earlier genera upon this character, as there are fre- 
quently other important features by which they are much more 
closely connected with other groups. In proof of this we need 
only refer to Glyptocrinus Bichardsoni, provided this really 
possesses no underbasals, as Miller asserts, and to Beteocrinus 
O'Nealli, in which they are very conspicuous. As the two species 
are almost identical in everj r other respect, it would seem doubt- 
ful policy to refer them to distinct families upon this character 
alone. S. A. Miller evidently experienced the same difficulty, for 
his Glyptocrinidse include genera of both forms. Zittel, De Lo- 
rial, and all preceding writers, make the presence of underbasals 
a full family distinction, and all their Glyptocrinidee and Rhodo- 
crinidse are said to have underbasals. 

Diversities in the distribution of the interradial plates of the 
calyx have been generally taken to be of minor morphological 
importance; but at the same time they have been considered good 
characters for distinguishing genera. S. A. Miller alone has 
placed in the same genus species, which in this respect show the 
greatest possible contrast. It is, however, rather singular that 
he applies this rule only to the " Glyptocrinidae," while in other 
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groups he considers such difference to be at least of generic im- 
portance, and what is more singlar, he even constructed thereon 
a whole family. His Melocrinidse differ from his Actinocrinidse 
mainly in having all five interradial spaces arranged almost uni- 
formly, and they generally have four basals. That Miller did not 
make the number of basals the distinctive character, is very evi- 
dent, or he would have arranged his Xenocrinus penicillus and 
" Compsocrinus 11 Harrisi among the Melocrinidae. On the con- 
trary, he placed these species under distinct genera; while he re- 
ferred Olyptocrinus decadactylus and Reteocrinus Bichardsoni to 
the same genus, although these two differ in exactly the same 
way as the two former species. 

One is curious to know upon what ground Miller based his 
Glyptocrinidae. Not upon the underbasals, nor upon the relative 
number of basals ; neither upon the ridges along the radials, for 
these are absent in Cupulocrinus and Lampterocrinus, and cer- 
tainly not upon the ornamentation, which he asserts does not 
hold good even among those genera. They are united by no 
single character, and since it has been clearly proved that Olyp- 
tocrinus has no underbasals, this genus no longer falls within the 
Rhodocrinidse, which were fundamentally based upon the pres- 
ence of those plates, and must be referred to the Actinocrinidse. 
That Olyptocrinus was in many respects closely allied to the Ac- 
tinocrinidae, subdivision Melocrinites, has been shown already 
in Part II, and several species were at first described under Olyp- 
tocrinus, which we have since referred to Mariacrinus. Among 
these is 01. Harrxsi, for which Miller lately proposed the genus 
Qompsocrinus. The generic definition of Compsocrinus is partly 
based upon inaccurate observation, for the interradials of all five* 
sides rest upon the edges of the first radials, and not one of them 
upon a basal, as figured X>y Miller in his diagram pi. 11, fig. 4, a. 

It has been stated in Part II, p. 185, that the interradials of all 
known Actinocrinidae. except sometimes those of the azygous 
side, rest upon the first radials, and this is the case in Glyptocri- 
nus and "Compsocrinus." We find an apparent exception to this 
rule, if we make the absence of underbasals the controlling family 
character, in the genus Xenocrinus, and perhaps in Olyptocrinus 
Bichardsoni and 01. Pattersoni, in which underbasals have not 
been observed. The two latter species agree in all essential par- 
ticulars with Xenocrinus, in which we include not only Miller's 
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type, but also Olyptocrinus Baeri Meek. These two species, bow- 
ever, have four basals, while the two former ones have five. 
Equally close are the affinities with Beteocrinus^ which has well 
defined underbasals. Xenocrinus, Beteocrinus, and Glyptocrinus 
Bichardsoni, which we make the type of our new genus Canistro- 
crinus, agree in the following features : The plates of the five 
main rays and their branches are formed into tube-like ridges 
along the middle, with lateral extensions to meet the interradials. 
The interradial areas are deeply depressed ; composed of numer- 
ous minute, irregularly arranged plates. They abut against the 
basals and isolate the first radials to their full length. The 
azygous interradius is divided by a conspicuous, rounded ridge, 
composed of strong, comparatively large plates, longitudinally 
arranged, which slightly decreasing in size, extend out to the 
subcentral anal opening. 

Beteocrinus, Xenocrinus and Ganistrocrinus constitute a natu- 
ral, well defined group, and it seems to us impracticable to separate 
them upon the ground that some of the species possess under- 
basals. The lateral separation of the first radial plates distin- 
guishes them from all Actinocrinidse, and this, according to P. 
Herb. Carpenter, 1 " is a fact of considerable importance in Crin- 
oid morphology ; but in this very character they approach some- 
what the Rhodocrinites, in which, as a rule, the first interradials 
all around meet the basals. Among the Rhodocrinites, however, 
the lower interradials are perfectly regular plates, their position is 
fixed, and they are succeeded by equally regular pieces. Whether 
such widely different plates, as here represented , can be compared 
with each other, is very doubtful, and this seems to have been the 
opinion of Carpenter, who intimates that the irregular small pieces 
of Beteocrinus can hardly be regarded as the complete morpho- 
logical equivalents of the larger and more regular single inter- 
radials which occur in the Rhodocrinidae." That these irregular 
interradial plates occur in none of the later groups of the Palaeo- 
crinoidea, but only in the very earliest Silurian types, and under 
decidedly similar conditions, in species with and without under- 
basals, points clearly to the conclusion, that those genera consti- 
tute a little group by themselves, and we think this justifies us in 

1 On a New Crinoid from the Southern Sea by P. Herb. Carpenter, M. A., 
Philos. Trans, of the Roy. Soc., Part HI, 1883. 
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recognizing them as a distinct family, which we propose to call 
Reteocrinidm. 

Now, having referred the genus Olyptocrinus in its typical 
form, and " Olyptocrinus" (Compsocrinus) Harrisi Miller, = Ma- 
riacrinus Harrisi, to the Actinocrinidse or their allies, Reteocru 
wu», Xenocrinus, and our new genus Canistocrinus to the Reteo- 
crinidse, there remain for consideration among species with under- 
basal s, or Rhodocrinid(e,as they were previously called, two other 
groups : 

(a.) Species, in which all five primary interradials meet the 
basal s, forming a ring of ten plates with the first radials. 

(6.) Species, in which the first anal plate only rests upon the 
basal s, the interradials upon the edges of the first radials. The 
first group comprises the genera : Archmocrinus, our new genus 
Rhaphanocrinus, Lyriocrinus, Rhipidocrinus, Thylacocrinus, An- 
themocrinuSj Rhodocrinus, and Ollacrinus ; the second Olyptaster } 
Dimerocrinus, Ptychocrinus and Lampterocrinus. The former 
group agrees with our subdivision Rhodocrinites, except Arch&- 
ocrinus, which we had previously arranged under Glyptocrinites ; 
the latter corresponds with our former Glyptasterites. 

It might be as well, perhaps, to let these groups remain as sub- 
divisions of the Rhodocrinidae ; but, as it is desirable that the 
families proposed by various authors in the different classifica- 
tions should be made to correspond as far as possible, we follow 
Zittel, and rank them as full families. The first, as embracing 
the typical genus, will be Rhodocrinidse. Zittel's name, Glypto- 
crinidse, however, cannot be used for the other group, since it is 
known that Olyptocrinus has no underbasals. We propose in its 
place the name Glyptasteridm, Glyptaster being one of its most 
characteristic types. 

These divisions are substantially in conformity with the views 
of Carpenter, expressed in his paper on Thaumatocrinus, p. 929. 
He approves Zittel's division into Glyptocrinidee and Rhodocrini- 
dse, but acknowledges at the same time "that Olyptocrinus has de- 
cided affinities with the Actinocrinid8e. ,, His views upon the irregu- 
lar plates of Reteocrinus have already been quoted. The rounded 
ridges along the radials, as they appear in Reteocrinus and Xeno- 
crinu8 } are more than mere ornamentations. They seem to have 
contained tubular passages which, perhaps, may represent the axial 
canals, while the more angular ridges of Olyptocrinus , Oly piaster } 
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etc., mast be considered simply as an ornamentation of the calyx. 
They represent, as stated by Carpenter, "a character of alto- 
gether minor importance as compared with the morphological 
difference between the lateral union and the isolation of the 
radiate." 

In Part II we have placed under Actinocrinidas all Crinoids 
without underbasals, in which the interradial plates are connect- 
ed by suture, and the basals support the radials, and frequently 
a large anal plate, but none of the regular interradials. This ex- 
cluded the allied genus Acrocrinus, in which basals and radials 
are separated by a large number of accessory pieces. We ex- 
cepted also the Calyptocrinidas with Eucolyptocrinus and Callu 
crinus, which differ essentially in their vault structure, and the 
Barrandeocrinidas for other reasons to be explained hereafter. 

The Actinocrinidee, as they were defined by us, comprise a well- 
defined natural group ; and we find it difficult to subdivide them, 
unless it be upon the presence or absence of an anal plate in line 
with the first radials, i. e., the bilateral symmetry of the one group 
as contrasted with the more or less pentamerous symmetry in the 
other. In making this division, we place the Stelidiocrinites and 
Melocrinites with their almost regular symmetry in the one 
group, and the Agaricocrinites, Periechocrinites, Actinocrinites 
and Batocrinites in the other, the former as Melocrinidas, the lat- 
ter as Actinocrinidas. 

Roemer, Lethsea Geogn., 1855 (Ausg. 3), p. 228, distinguished 
Melocrinidae from Actinocrinidae, the latter on account of their 
larger azygous interred ius, and having three in place of four 
basals. Zittel partly recognized these groups, but added to the 
Melocrinidee Scyphocrinus Zenker (not Hall), Corymbocrinus and 
Abacocrinus, the latter with an anal plate upon the basals, thus 
proving that he made the number of basals the distinctive char- 
acter. He divided our Actinocrinidae into the families Briaro- 
crinidas, Garpocrinidas, Dimerocrinidee, Actinocrinidas and Poly- 
peltidas. 

Our Platynicridas were subdivided into Platycrinites and Hex- 
acrinites, the one with strictly pentamerous symmetry in the 
calyx, the other bilateral. The two groups are easily recognized, 
and will be continued, but ranked as families. 

The Platycrinidse have been described by us and other writers 
as having a single interradial plate in contact with the radials. 
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This was based upon an incorrect understanding of the plates. 
That it is not the case in Platycrinus is readily seen by our fig- 
ures on pi. 7. Even the most simple form has three interradials, 
horizontally arranged, all supported by the first radial plates, and 
we are convinced that three, or a greater number of plates, are 
found in all other Platycrinidae, and all Hexacrinidse. Wherever 
we have observed them, the middle plate is larger, and rests upon 
the juncture of two first radials, the outer ones upon their upper 
face, meeting laterally the higher radials. The larger number 
occurs in forms with flattened disc and wide, spreading rays. 

The presence of three or more pieces in the first row, which 
evidently represent the first, second, and perhaps third ranges 
of interradials in other groups, i9 morphologically of consider- 
able importance, as it seems to have produced, to a large extent, 
the structural peculiarities of the two families. It is evident that, 
owing to the great width of the interradial areas, the succeeding 
radials could make no connection with the higher interradials, 
and the rays thereby became isolated, and remained permanently 
in a more or less embryonic state. Three interradials seem to 
have been represented also in Coccocrinus, as shown in Roemer's 
figure 5 C of C. bacca, although they are not figured in his Cocco- 
crinu8 rosaceus. 

We also refer to the Camarata the genus Barrandeocrinus. It 
was made by Angelin, Zittel and De Loriol the type of a distinct 
family, and this seems to be warranted by its exceedingly strange 
form, produced principally by the construction of the arms and 
the arrangement of the plates at the ventral side, although the 
plates along the dorsal side are arranged similarly to those of 
the Actinocrinidae. 

The Camarata, according to our classification, fall into ten 
families : 

A. Reteocrinim:. Base monocyclic or dicyclic. Basals 4 
or 5. Radials folded into strong tubular longitudinal ridges 
along the median line of the plates. Interradial and interaxil- 
lary areas deeply depressed ; resting upon the basals. They are 
composed of a large number of ill-formed immovable pieces, 
which continue to the ventral side, almost completely covering 
the inter pal mar areas, leaving but a small oral plate at the centre. 
Azygous side wider ; divided by a vertical row of rather large 
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anal plates, which extend to the anal aperture. Arms single- 
jointed; pinnules strong. Anus subcentral. Column circular 
or angular. 

B. RhodocriniDjE. Base dicyclic. First radials separated 
from one another by the first interradials, with which they form 
a ring of ten plates around the basals. Inter radial areas com- 
posed of well-formed plates, definitely arranged ; azygous side 
scarcely distinct. The interradials in all earlier forms along the 
ventral side are arranged like those of the Reteocrinidse, and the 
proximals are probably unrepresented ; but in the later ones prox- 
imals are well developed. Anus subcentral. Column circular 
or obtusely pentangular. 

C. Glyptasteridjs. Base dicyclic. First anal plate resting 
on the basals, but the first interradials not touching them. Suc- 
ceeding interradials arranged as in the Rhodocrinidae. Those 
upon the ventral surface are sometimes composed of larger plates 
than in the preceding groups. Anus subcentral. Oral piece and 
proximals well represented. Column circular or pentangular. 

D. Melocbinidjs. Base monocyclic. Basals 3 to 5. Neither 
anal nor interradial plates touching the basals ; the latter in con- 
tact with radials only. Interradial areas composed of numerous 
plates; those upon the dorsal side large, regularly arranged, 
those along the ventral surface frequently small and irregular. 
Oral plate generally surrounded by proximals. Anus subcentral. 
Column circular, rarely angular. 

E. Actinocrinidjs. Base monocyclic. Basals 3, rarely 4. 
First anal plate resting on basals, the first interradials upon the 
sloping sides of the first radials. The interradials together with 
the interaxillaries, anal plates and proximals, form a solid vault 
over the disk, rarely exposing any of the covering plates. Anus 
subcentral. Column circular. 

F. PlatycrinidjE. Base monocyclic. Basals unequal. Neither 
anal nor interradial plates touching the basals. First radials 
extremely large, forming with the basals almost the whole dorsal 
aspect of the calyx. Second radial small and short, and likewise 
the higher orders of radials, which in place of being connected 
by interradials, are formed into lateral branches or free append- 
ages. Interradials three at least, generally more; all located 
more or less ventrally. The lower range contains no special anal 
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plate. It consists of from three to five pieces, transversely 
arranged ; the middle one larger, resting upon the sloping upper 
ends of two first radials ; the outer ones abutting against the 
large primary and smaller succeeding radials. Oral piece large, 
generally surrounded by proximals, which are very prominent. 
Covering plates frequently exposed upon the surface. Anus 
subcentral. Column circular or oval. 

O. Hexacrinidjs. Base monocyclic. Basais 2 or 3. First 
anal plate resting on basais, and similar in form to first radials ; 
other plates arranged as in Platycrinidae. Calyx with similar 
arm-like extensions. Column circular. 

H. Acrocrinidjs. Base monocyclic. Basais 2, separated from 
the radials by a wide belt of small plates, which are arranged in 
rings around the basais, and occupy the greater part of the dorsal 
side. Radials 3X5, increasing in size upwards, all isolated later- 
ally. Interradials in two rows ; two plates in the lower series, 
one only in the upper, but the latter larger than the two others. 
Azygous interradius comparatively much wider, and composed 
of twice the number of pieces, in addition to the anal plates 
which form a vertical line. Column circular. 

J. Barrandeocrinims. Base monocyclic. Basais 3. First 
anal plate resting on basais ; the interradials upon the sloping 
upper sides of the first radials. Arms recumbent ; united laterally 
by their pinnules, and together with these forming a solid integu- 
ment around the calyx. Column circular, large. 

J. EucALYPTOCRiNiD-ffi. Base monocyclic. The * dorsal side 
uniformly composed of 4 basais, 3X5 primary radials, 2X10 sec- 
ondary radials, 3X5 interradials, and 1X5 interaxillaries, there 
being no anal plates. The ventral side consists of 5 large inter- 
radials, 5 similar interaxillaries, and 10 small trigonal interbrachial 
pieces, which form a ring around the dorsal cup, and are suc- 
ceeded by the summit plates. The summit plates form a neck-like 
prolongation. They consist of 4 large proximals which con- 
stitute a ring by themselves, of two small proximals, and the 
oral plate. The latter is bisected and pushed to opposite sides 
by the anal opening, which is strictly central. The plates of the 
ventral side are formed into 10 compartments for the reception 
of ten pairs of arms. Column circular. 
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Family I.— RETEOCRINIDjE W. & 8p. 

EETEOCRIKTJS Billings. 

1881. W. & Sp., Rev. II., p. 191. 

1883. W. & Sp.. Amer. Journ. Sci., vol. xxv (April), p. 250-268. 

1884. P. Herb. Carpenter, Phil. Trans. Royal Soc, Pt. Ill, 1888, pp. 919- 

933. 
8yn. Olyptocrinus (in part), Miller ; Journ. Cincin. Soc. Nat. Hist. , 

vol. v, April, 1882. 
Syn. Gaurocrinus Miller (in part). Ibid. vol. vi, December, 1883. 

Beteocrinu8 is readily distinguished from the other Reteocrin- 
idae by its well developed underbasals, which extend beyond the 
limits of the column. From our former list we withdraw Reteo- 
crinus Baeri, which is a Xenocrinus, and Reteocrinus Richard- 
soni Wetherby, which we make the type of our new genus Can- 
istrocrinus. 

One more species must be added : 

•1883. Reteocrinus magnifious (S. A. Miller), Gaurocrinus magnifious, Journ. 
Cincin. Soc. Nat. Hist., vol. vi, p. 230, PI. 9, fig. 2. — Hudson River gr. — 
Lebanon, 0. 

CANISTROCRINUS, nov. gen. 

(xaviffTpov, a willow basket ; tcpivov, a lily.) 

Syn. Glyptocrinus (in part) 8. A. Miller, 1883, Journ. Cincin. Soc. Nat 

Hist., vol. vi., p. 226. 
Syn. Reteocrinus (in part) W. & Sp., Amer. Journ. ScL, vol. xxv, p. 266. 

Generic Diagnosis. — In general aspect closely resembling 
Reteocrinus. The radial ridges strong, tube-like ; the interradial 
spaces deeply depressed. Symmetry decidedly bilateral. 

Underbasals perhaps indistinctly developed, more probably 
altogether absent. Basals five, truncated above for the reception 
of the lower series of interradials. Primary radials 3X5, of 
nearly equal size ; the first and third similar in form. The ridges 
of the former branching downward toward the basals ; those of 
the latter upward toward the secondary radials, which they 
follow until these turn into free arm-plates. Arms branching or 
simple ; composed of single joints, which give off rather strong 
pinnules. 

Interradial spaces composed of numerous small pieces without 
definite arrangement. The plates rest upon the basals, separat- 



317 95 

ing all five rays from the base up. With the increase of inter- 
radials and interaxillaries by age, which seems to have been going 
on continually in the specimen, more arm-plates, i. e. radials, 
were gradually incorporated into the calyx, involving the prox- 
imal pinnules, the plates of which are easily recognized from 
surrounding interradial and interaxillary pieces by being more 
prominent. Azygous interradius wider than the four others. It 
has an elevated ridge, composed of rather large anal pieces, which 
are longitudinally arranged and have somewhat the appearance 
of radials. The interaxillary areas are depressed, even deeper 
than the interradial ones, and they consist of similar plates. The 
ventral side has not been observed, but was evidently constructed 
as in Xenocrinus and Reteocrinus. 
We place here the following species : 

♦1882. Canistrocrinus Pattersoni (S. A. Miller), Glyptoorixras Pattersoni, Journ. 

Cincin. S«»c. Nat. HUt., vol. v (July), PI. 3, figs. 2, 2 a. Ibid., vol. vi, Dccbr. 

1883, p. 226. — Reteocrinus Pattersoni, Wacbs. and Sp., 1883, Amer. Journ. 

Sci., vol. xxv, April, 1883, p. 266. Utica Slate, Cincinnati, 0. 
♦1880. Canistrocrinus Riohardsoni (Wcthcrby). Type of the genu*.— Glyptocrinus 

Ric hards oni, Journ. Cincin. Soc, Nat. Hist., vol. ii, PI. 16, figs. 1. 1 a. W. 

A Sp., 1881. — Reteocrinus Richardsoni, Rev. ii, p. 193; also Amer. Journ. 

Sci. vol. xxv, p. 266.— Miller, Glyptocr. Richardsoni, 1883, Journ. Cincin. 

Soc. Nat. llist., vol. vi, p. 226. Hudson River gr., Clinton Co., 0. 

XENOCRINUS S. A. Miller. 

(PL 6, fig. 2.) 

1881. S. A. Miller. Journ. Cincin. Soc. Nat. Hist., vol. iv. 

1881. W. and Sp. Revision ii, p. 184. 

1888. W. and Sp. Amer. Journ. Sci., vol. xxv, p. 266. 

Xenocrinus is closely allied to Canistrocrinus , from which it dif- 
fers in having four in place of five basals, and a quadrangular 
column. 

Generic Diagnosis. — Base monocyclic. Basals four, forming 
combined a shallow decagonal cup, which upon five of its sides 
supports the five radials, and alternately upon each of the five 
other sides a series of small interradial pieces. This arrange- 
ment gives to the basals, owing to their abnormal number, a very 
irregular form, no two of them being alike. The axial canal in 
this genus, notwithstanding it has but four basals and a quad- 
ranglar stem, is pentangular, its angles directed interradially. In 
all other respects, including the ventral covering, Xenocrinus 
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agrees with Reteocrinus and Ganistrocrinus, to which we refer 
for further particulars. We place in this genus also "Qlyptocri- 
nits" Baeri Meek, which we have heretofore referred to Reteocri- 
nus, not knowing the construction of its basal portions. It has 
not only four basals, but fundamentally a quadrangular column, 
the more or less cylindrical outline being caused by knife-like lat- 
eral extensions along the joints ; its cross-section shows the nu- 
cleus to be strictly quadrangular. 

Geological Position, etc. — Hudson River group of the Ohio 
valley. 

•1872. XenoorinuB Baeri (Meek), GlyptoorinuB Baeri, Amer. Journ. Sci. iii (Ser. 3), 

p. 260; also 1873, Geol. Rep. Ohio, Paleont. I, p. 37, PI. 2, fig. 1 a, b.— S. 

A. Miller, 1880, Journ. Cincin. Soc. Nat. Hist., vol. iii, PI. 7, fig. 4. — Beteo- 

crinui Baeri W. A Sp., 1881, Revision ii, p. 193 ; also Amer. Journ. Sci., vol. 

zxv, p. 266. — Glyptocr. Baeri S. A. Miller, 1883, Journ. Cinoin. Soc. Nat. 

Hist., vol. vi, p. 226. — Hudson River gr., Ohio valley. 
1881. XenoorinuB penioilluB S. A. Miller. Type of the genus. Journ. Cinoin. Soc. 

Nat. Hist., vol. iv (April), PI. 1, fig. 3, and ibid. July), PI. 4, fig. 6. — Hudson 

River gr. Waynesville, 0. 

Family II.— RHODOCRINIDiE Roemer. 

(Emend., Zittel ; emend., W. and Sp.) 

ARCHJEOCRINUS W. and Sp. 

1881. W. and Sp. Revision, ii, p. 189. 

1888. S. A. Miller. Journ. Cincin. Soc. Nat. Hist., vol. vi, p. 217. 

Syn. Lyriocrinu* (S. A. Miller not Hall), 1882, Journ. Cincin. Soc. 
Nat. Hist, vol. v. 

Mr. Walter R. Billings informs us that all the species which 
we referred to Archseocrinus, possess a special anal piece placed 
between the interradials of the second series. In Part II, p. 190, 
we erroneously stated that the anal interradius could not be dis- 
tinguished from the four others, and we are obliged to Mr. Bil- 
lings for making this correction. We find it confirmed by some 
interesting specimens which we recently collected from the Tren- 
ton limestone near Knoxville, Tenn. Most of these specimens 
represent Miller's " Lyriocrinus" sculptus, which was supposed 
to come from the Niagara group, but which evidently came from 
a lower horizon. Our specimens were found associated with Hy- 
bocrinus and other characteristic Lower Silurian fossils. Lyrio- 
crinus sculptus Miller, or, as we call it, Arch&ocrinus sculptus, is 
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smaller than any of the Canadian species. It has but one sec- 
ondary radial, and fewer and larger interradials both dorsally 
and ventraily, but otherwise agrees well with those types. It 
probably represents paleontologically a younger stage of that 
genus, for the arms are free from the first secondary radial. In 
Lyriocrinus the arms proceed upward in a straight line with the 
walls of the calyx, the arm openings are located ventraily and 
are arranged at nearly equal distances from each other; while 
in Archseocrinus sculptus the arms extend out laterally in the 
form of free appendages. In the former the interradials of the 
ventral side rest against the inner edges of the dorsal cup, the 
so-called " vault " being perfectly flat; in the latter the vault is 
elevated and the interradials along the ventral side are so closely 
intermingled with the dorsal ones, that no dividing line can be 
distinguished. 

In Archseocrinus desideratus, which is a good typical form of 
the genus, there are twenty or more interradials beneath the hori- 
zon of the arms, and these are succeeded by a much larger num- 
ber of minute pieces at the ventral side, all of which, from the 
basals up, decrease in size to the oral pole. There are no large 
plates to represent the proximal dome plates, and hence no orals 
if these were represented by the proximals as contended by Car- 
penter. The interradial and interaxiilary spaces in the dome are 
depressed, thereby producing along the surface somewhat irregu- 
lar ridges, which follow the direction of the subtegminal ambu- 
lacral tubes. 

The depressed globular form and the wide interradial spaces 
of the calyx are characteristic features of Archseocrinus, which 
distinguish it readily from all other Silurian Rhodocrinidae. 

Some of our specimens of Arch seocrinus sculptus have beneath 
the first interradial plate, resting upon the basals, two small 
additional plates. As these are present only in the larger speci- 
mens, and totally absent in the smaller ones, in some of them 
developed in a most rudimentary way, sometimes only in one or 
two of their rays, it is evident that they are the result of extrav- 
agant growth, and not true interradial plates. They seem to us 
equivalents of the small accessory pieces between basals and 
radials in Acrocrinus, in which they attain a much more profuse 
development, occupying the greater part of the calyx. 

We note here the following additional species : 
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1884. ArohttocrinuB desiderates Walter R. Billings MS. (The description will ap- 
pear in the Transactions of the Field Naturalist's Club of Ottawa.) 

•1880. (?) Archaeoor. globularis Nichols, and Ether., Silur. Fossils Girvan Distr., p. 
329, PI. 22, figs. 9-11.— Craighead limestone. 

♦1882. Archaeocrinus sculptus (S. A. Miller), Lyriocrinus sculptns, Cincin. Journ. 
Nat. Hist., vol. v, p. 217, PI. 3, figs. 6 a, b. — Trenton limest. Knoxville, 
Tenn. 
Syn. Lyriocrinus scnlptilis S. A. Miller. Name preoccupied. 

RHAPHANOCRINUS nov. gen. 

(pdtpavos, a radish ; Kpivov, a lily.) 

Syn. Qlyptocrinu* Walcott (in part), not Hall, 1883, New Spec, of 
Foss. from Trenton gr. of N. York, p. 2. (Abstract from the 35th 
Rep. N. York State Museum Nat Hist., N. York.) 

The species upon which the genus Bhaphanocrinu8 is pro- 
posed, was referred by Walcott, with some doubt, to Qlyptocri- 
nus. Like that genus, it has regularly arranged interradial plates, 
but these rest upon the truncate upper side of the basals, not 
upon the sloping sides of the first radials as in that genus ; 
besides it possesses underbasals. The latter plates were not 
observed by Walcott ; they are evidently small, and covered by 
the large column or hidden within the basal concavity. That 
underbasals were present, is clearly seen by the angular form of 
the first radials, and by the form, size and position of the basals. 

Ehaphanocrinu8 is closely allied to Archmocrinus, from which 
it differs in having the arms constructed of a single series of 
quadrangular plates, and in having simple, in place of branching, 
arms. It also resembles Dimerocrinus in its general aspect, but 
is readily distinguished by the position of the interradial plates, 
and by having the arms constructed of a single series of plates. 
It differs from Anthemocrinus, with which it has probably the 
closest affinities, in the entirely distinct arm structure. 

Generic Diagnosis. — Calyx short, truncate below ; interradial 
spaces slightly depressed. 

Underbasals small, not visible in a lateral view, and more or 
less hidden by the column. Basals large, hexagonal, the upper 
side truncate for the reception of the first interradials. 

Primary radials 3X5, large ; the first and third nearly alike in 
form. Secondary radials two or more, quadrangular ; gradually 
decreasing in height and passing into arm plates. 

Interradials numerous ; those of the ventral side smaller. Inter- 
axillary plates few. Summit plates, and form of anus unknown. 
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Arms stout, long, simple ; composed of a single series of quad- 
rangular plates, which give off alternately strong pinnules. Col- 
umn large ; cylindrical 

The type of the genus, and only known species is : 

♦1883. Rhaphanoorinui lubnodoiui (Waleott), Glyptoorinui (?) lubnodoiui, 35th 
Rep. N. York State Mas. Nat. Hist., PI. 17, fig. 3.— Trenton liineat Tren- 
ton Fall, N. T. 

LYRIOCRINTJS Hall. 

(W. and Sp., Revision II, p. 208.) 

Not Lyriocrinus 8. A. Miller, 1882, Journ. Cincin. Soc. Nat Hist, 
vol. v f p. 217. 

(?) SJLOENOORIjroS Angelin, Rev. II, p. 201. 
RHIPmOCRIBUS Beyricb, Rev. II, p. 205. 

THYLACOCRINUS Oehlert, Rev. II, p. 207. 

1879. Thylacocr. Vannio$H Oehlert, Extr. du Bull. Soc. Geol. de Fimnee 
(Ser. 8), vii, PI. i, fig. 1 ; also 1882, ibid. vol. x, p. 859, fig. 1.— De- 
vonian. St. Germain, France. 

ANTHEMOCRINUS W. and Sp. Rev. ii, p. 208. 

RHODOCRINU8 Miller, Key. ii, p. 209. 

1882. Rhodotr. cozanu* Worthen, Bull, i, Illinois St Mus. Nat Hist, p. 
80 ; also Geol Rep. Illinois, vii, p. 805.— Keokuk limest. Keokuk, 
Iowa. 

OLLACRINXJS Cumberland, Rev. ii, p. 213. 

Family m.— QLYPTASTERIDiE W. and Sp. 

PTYCHOCRINTJS nov. gen. 
(writ a fold ; Kpbov a lily). 

Mr. S. A. Miller has arrayed a number of species under a pro- 
posed genus Gaurocrinus, which, like his Glyptocrinus, embraces 
a heterogeneous assemblage of forms. It contains species of JReteo- 
crinuSj Qlyptocrinus, and a new form with good generic characters, 
in our opinion, for which we should be very glad to retain Miller's 
name, if he had not expressly taken as its type Hall's Olyptacrt- 
nu8 O'Nealli, which is a typical Reteocrinus. We are, therefore, 
obliged to adopt a new name, and propose Ptychocrinus, for the 
reception of his Qaurocrinussplendens, and O. angularis, together 

7 
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with Hall's Olyptocrinus parvus, which, evidently, according to 
Hall's figure (but not Meek's), has the same characters. 

We cannot agree with Miller that Wether by 's JReteocrinus 
gracilis j in which ill-formed interradials separate the radials down 
to the base, and in which the basals are squarely truncated above 
and form the base of the interradial spaces, is a synonym of 
Olyptocrinus angularis, in which the " interradial spaces have a 
hexagonal plate resting between the upper sloping side of the 
first radials." 

The three species differ from all established genera of this 
family in having their arms constructed of single joints. It 
might, perhaps, be doubted whether this is a good generic 
character, as all Crinoids with double-jointed arms are single- 
jointed in their younger stages; but finding three species with 
the same kind of arms, and these comprising the only known 
Lower Silurian species of this family, we are evidently justified 
in making it a generic distinction. 

Generic Diagnosis. — In general form closely Tesembling Olyp- 
tocrinus. Radials with a fold-like, strong, tubular ridge along 
their median line ; interradial spaces depressed. 

XJnderba8als five, well shown in a side view. Basals five, large ; 
ail of them hexagonal. Primary radials 3X5; the first ones 
heptagonal, but the upper sloping sides facing the azygous side 
longer, forming a deep notch for the reception of a very large 
anal plate. Secondary radials three or more, which have the 
appearance of arm-plates, and gradually pass into free joints. 
They have strong arm-like pinnules, given off from alternate 
sides. 

Interradials consisting of one plate in the first row, two in the 
second, and three in the third row. The azygous side wider ; the 
first plate extending far down between the first radials, sometimes 
touching the basals, and there are three in place of two plates in 
the second series. Structure of the ventral side unknown. 
Column small ; cylindrical. 

•1879. Ptyohocrinus angularis (Miller and Dyer), Glyptoor. angularis, Journ. 

Oinoin. Soo. Nat Hist., p. 5, PI. 1, fig. 10.— 1883, Gaurocr. angularii S. A. 

Miller, Journ. Cincin. Soc. Nat. Hist., vol. yi, p. 229. — Hudson River gr. 

Cincinnati, Ohio. 
•1872. Pt. parvus (Hall), Glyptoor. parvus, Deso. New Crin., etc., PI. 1, fig. 17 

(without description), 24th Rep. N. Y. State Cab. Nat. Hist., p. 207, PI. v, 

fig. }7; (?) Meek, 1873, Geol. Rep. Ohio, Pal. i, p. 36, PI. 2, figs. 4 a b; (?) 
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S. A. Miller, 1883, Journ. Cincin. Soo. Nat. Hist, vol. vi, p. 224.T=-ET<idson 
gr. Cincinnati, Ohio. "'.•■'• 

Meek's description of this species, upon which the Cincinnati paleontqJojgUts 
hare tried to identify it, is based upon specimens which did not shtffr, U* 
characters, and therefore cannot be relied upon. Hall's figure exhibits a 
well marked form, it shows plainly that it must hare underbasals, and that' 
a small anal plate extends down to the basals. 
•1883. Pt. iplendeni (S. A. Miller), Gauroor. splendens, Journ. Cincin. Soo. Nat 
Hist., vol. vi, p. 230. — Trenton gr. Cape Girardeau, Mo. 

GLYPTASTEB Hall, Rev. ii, p. 193. 

Additional species: — 

1881. 01. Egani S. A. Miller. Journ. Cincin. Soo. Nat. Hist., vol. iv (Oc- 

tober), PI. 6, figs. 4 a b. — Niagara gr. Chicago, 111. 

1882. 01. occidentals var. crcbescens Hall. Eleventh Geol. Rep. Indiana, 

by Collett, p. 263.— Niagara gr. Waldron, Ind. 

ETJCRINTJS Angelin, Rev. ii, p. 190. 
DIMEBOCRIITtJS Phillips, Rev. ii, p. 197. 

Additional species : — 

•1882. B. waldronensii (Miller and Dyer), Cyathocrinui waldroneniii, Journ. 
Cincin. Soo. Nat. Hist., July (Abstr., p. 0), PI. 4, fig. 9.— Niagara gr. (We 
have seen in the collection of Mr. Wm. Gurley, of Danville, a specimen 
which shows plainly the presence of dorsal interradials ; and this feature, 
together with the double-jointed arm structure, proves, beyond doubt, that 
it is not a Cyathocrinoid). 

LAXPTER0CRINTJ8 Roemer, Rev. ii, p. 199. 

Additional species : — 

1879. (?) L. parvus Hall, Trans. Alb. Inst., vol. x (Abstr., p. 9).— Niagara gr. Wal- 
dron, Ind. (This may be a young specimen of L. tenneiMeniil. It appar- 
ently differs only in the much smaller size, and in having but four anal 
plates). 

Family IV.— MELOCRINID.2E Roemer. 
(Emend. W. and Sp.). 

a. Stelidiocrinites. 

(1) BRIAROCRINUS Angl., Rev. ii, p. 90. 

This is one of the genera in which we cannot trace satisfactorily 
the family relations, being in some of the characters allied to the 
Ichthyocrinid®. 
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/.'••' STELEDIOCBINUS Angl., Rev. ii, p. 98. 

'-Additional species : — 



* • 






•1883. (?) Stelidioorinm argutns (Waleott), Olyptoorinm argutns, 35th Rep. N. 
York State Cab. Nat. Hist. (Adv. Sheet, p. 1), PI. 17, fig. 9.— -Trenton 
limest. Trenton Falls, N. T. This is certainly not a Glyptoerinuf . To 
judge from the figure, it is closely allied to 8telidioorinuf , but may be the 
type of a new genus. 

PATELLIOCRIinJS Angl., Roy. ii, p. 100. 

MACR08TY10CRINU8 Hall, Rer. ii, p. 102. 

Additional species : — 

1882. MaoroBtyloor. fasibrachiatui Ringeberg, Journ. Cinoin. Soo. Nat. Hist., rol. 

v, p. 119, PI. 5, fig. 4. — Niagara gr. Lookport, N. Y. 
1880. M. striatal, var. granulosus Hall, 28th Rep. N. Y. State Cab., p. 129; also 

11th Geol. Rep. Ind., p. 258. — Niagara gr. Waldron, Ind. 

CEHTROCBIHUS W. and Sp., Rev. ii, p. 104. 
b. Melogrinites. 

GLYPTOCBIOT8 Hall, Rev. ii, p. 185. 

1888. S. A. Miller. Journ. Cinoin. Soo. Nat. Hist., vol. vi (December). 
1888. W. and Sp. Amer. Journ. Sci. (April), p. 255. 
1888. S. A. Miller. Ibid. (August), p. 105. 

Not Etheridge and Nicholson, 1880, Silur. Foss. of Girvan Distr., 
p. 328. 

Syn. Pycnocrinus S. A. Miller. Journ. Cincin. Soo. Nat. Hist., vol. iv. 

Since the absence of underbasals is clearly proved, Qlyptocrinus 
differs from Mariacrinus only in the number of basals, which is 
five in place of four. Miller has founded the genus Pycnocrinus 
upon a species which he had previously referred to Qlyptocrinus. 
Through the liberality of Mr. Miller, for which we are under 
lasting obligations to him, we have been given the freest access 
to his beautiful type specimens, with liberty to use them for our 
descriptions. We are reluctantly compelled to say that in our 
opinion Pycnocrinus is simply a young Qlyptocrinus. The genus 
was founded principally upon the absence of " secondary radials," 
and the arms were said " to arise free from the primary radials." 
This statement does not agree with our observations, as we find 
in two of the specimens a minute, interaxillary piece, and at least 
one secondary radial. In the two others, which are even more 
immature, the third primary radials, in part, take the functions of 
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the secondary radials, as seen by the surface ridges, which bifur- 
cate along the middle portions of the plates. The plates succeed- 
ing them are still in a free state, and appear as arm-plates, but 
actually form extensions of the calyx, being not as yet connected 
by interradials and interaxillaries, as in the more adult specimens. 
A diversity in the number of secondary radials cannot be con- 
sidered of generic value, at least not in a form like Olyptocrinus, 
in which, as Miller himself has shown us ( Journ. Cincin. Soc, vol. 
vi, PI. 11, fig. 1), the rays remain in an immature condition, more 
or less, even in the adult. The specimens referred to Pycnocrinus 
are so embryonic in their condition, that it would be speculation 
for us to assert to what species they belong, and we have con- 
cluded to leave them as doubtful species under Olyptocrinus. 

The species now referred by us to Olyptocrinus have round 
columns, with the exception of Olyptocrinus Fornshelli, which 
Miller thinks may prove to be a distinct generic form ; while those 
referred to Beteocrinus, with probably one exception, have pen- 
tagonal columns. 

The species which were referred in Europe to Olyptocrinus, 
probably with the exception of Olyptocrinus basalts (?), belong 
to different genera. That species was figured without discrip- 
tion in Murchison's Siluria, p. 206, from a specimen with arms, 
and came from the Caradoc limestone. In this specimen, the 
plates of the calyx cannot be recognized, but the arms are those 
of Olyptocrinus. In the type specimen of McCoy, in which only 
the calyx is preserved, the interradials apparently touch the 
basals, which, if true, would exclude it from Olyptocrinus. 

The specimens described by Nicholson and Etheridge, jun., 
under the name of Olyptocr. globularis, from the Craighead lime- 
stone and from Traive Glen. (Monogr. Silur. Foss. Girvan Distr. 
in Ayshire, 1880, pp. 328-30, PL 22, figs 9-11), probably belong 
to Archseocrinus. They evidently had underbasals, for the inter- 
radials rest upon the basals, and alternate with the first radial 
plates. Neither can the arms, fig. 12, on the same plate, which 
are composed of a double series of joints, be referred to Olyp- 
tocrinus. 

We add the following species to our former list : 

(?) 1854. Glyptoorinui baialii McCoy, Synops. Palaeoi. Fobs., p. 57, plate I D, fig. 
4, 1859, Murchison's Silur., p. 206. — Caradoc limest. Montgomeryshire, 
Great Britain. 
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1882. 6. miamieniif S. A. Miller, Journ. Cinoin. Soo. Nat. Hist., vol. 5, PI. 1, fig. 1. 
Ibid., 1883, vol. vi, p. 224. — Hudson River gr. Waynesville, 0. 

1882. 0. •culptoi 6. A. Miller, Journ., Cincin. Soo., vol. v, p. 13, PI. 1, fig. 2; also 
Ibid., 1883, vol. vi, p. 224, PI. 1, fig. 2.— Hudson River gr. Waynes- 
ville, 0. 

XARIACRnrU8 Hall, Rev. ii, p. 114. 

Syn. Comp$ocrinu$ 8. A. Miller, 1888, Journ. Cincin. 800. Nat. Hist., 
vol. vi, p. 284. 

Comp80crinu8 was described by Miller from a species which 
was said to possess a quadripartite base, supporting five radials 
and an anal plate; column quadrangular. Good specimens of 
" Compsocrinus 11 Harrisi, Miller's type, from the collection of 
Mr. Harris, who has the type specimens, show the number of 
basals to be four, as described by Miller ; but the inter radials at 
all sides rest upon the first radials, the posterior one not abutting 
against the basals as was asserted, and this makes Compsocrinus 
identical in structure with Mariacrinus as emended by us. If 
Miller's diagnosis had been correct, Compsocrinus would have 
been undoubtedly a good genus. Whether the column in other 
species of Mariacrinus is quadrangular, is not known. 

•1881. Mariaorinui Harris! (S. A. Miller), Glyptoorinui Harriii, Journ. Cinoin. 
Soo., vol. iv, PI. 1, fig. 4. — CompBOorinui Harrisi Miller, Ibid., vol. vi, p. 
234, PI. 11, fig. 4.— Hudson River gr. Waynesville, 0. 

TECHH0CRI1TO8 Hall, Rev. ii, p. 116. 

MELOCRIKTJS Goldf., Rev. ii, p. 118. 

1888. M. Benedeni (Dewalque M8.) Fraipont, Rech. sur les Crin. du 
Famenien de Belgique, Ann. de la 800. geol. de Belg., Tome x, p. 
60, PI. 4, fig. 9.— Devon, superieur. Senzeille, Belgium. 

1888. M. ChapuiH (Dewalque MS.) Fraipont, Ibid., p. 65, PI. 5, figs. 
5-7.— Devon, superieur. Senzeille, Belgium. 

1882. M. Clarke* Williams, Proc. Acad. Nat. Soi. Phila., p. 81. -Genessee 

slate. Ontario Co., N. Y. 
M. geroUUinensis Steininger, 1853, Geogn. Besehreib. d. Eifel, p. 85, 
is not sufficiently defined for identification. 

1883. Jf. globosu% (Dewalque MS.) Fraipont, Rech. sur les Crin. du Fa- 

menien de Belg. Ann. 800. geol. de Belg., Tome x, p. 61, PI. 5, 
figs. 1-4. — Devon, superieur. Senzeille, Belgium. 

1884. Jf. inornatu* (Dewalque MS.) Fraipont, Ibid., Tome zi, p. 105, PL 

1, fig. 1. — Devon, superieur. Frasne, Belgium. 
1888. M. Eonincki (Dewalque MS.) Fraipont, Ibid., p. 58, PI. 4, figs. 6-8. 
Devon, superieur. Senzeille, Belgium. 
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1883. M. me$pdifonne$ (Dewalque MS.) Fraipont, Ibid. p. 63, PI. 5, figs. 
8-10. — Devon, superieur. Senzeille, Belgium. 

1882. M. occidentals Oehlert, Bull. 3oo. geol. de France (ser. 8), Tome x, 

p. 857, PI. 8, fig 4.— Devon, inferieur. Near Sabre" and La Fleche, 
France. 

1883. M. OeMertiW. and Sp. Meloerinu* Verneuili Oehlert 'not W. and 

Sp., 1881). Described Soc. geol. de France (Ser. 3), Tome x, p. 
858, PI. 8, fig. 5. — Devon, inferieur. — Sabre 1 , France. 

1884. M. obscurus (Dewalque MS.) Fraipont, Ibid., vol. xi, p. 107, PL 1, 

fig. 2.— Devon, superieur. Chaud fontaine, Belg. 

8CYPH0CBINUS Zenker, Rev. ii, p. 123. 
(?) HADROCRINTTS Lyon, Rev. ii, p. 222. 

DOLATOCRHTTJS Lyon, Rev. ii, p. 124. 

1884. D. triadaetylus Barris, Proceed. Davenport. Acad. Nat. Sci., vol. iv, 

PL 2, figs 5-7.— Hamilton gr. Alpena, Mich. 
1871. D. ornatus Meek, Proc. Acad. Nat. Sci. Phila., p. 57.— Corniferous. 

Columbus, O. 

8TEBE0CBIHU8 Barris, Rev. ii, p. 120. 

» 

Family V.— ACTINOCRINID.2E Roemer. 
a. Agaricocbinites. 

CARPOCBI1TOS MUller, Rev. ii, p. 105. 

Note. — In Rev. ii, p. 107, in place of Oarpcerinus elongatulus read O. 
elegantului. 

(1) LEPTOCRIITUS AngL, Icon. Crin. Suec., p. 3. 

This genus was placed by Angelin under Platycrinidae, but, if 
we understand the figure correctly, it is not only an Actinocrinoid, 
but even synonymous with Carpocrinus. 

Additional species : — 

1879. Leptoorinui raridigitatns Angl., Ioonogr. Crin. Suae., p. 3, PI. 20, figs. 18, 19, 
and PL 28, figs. 4, 4 a. — Upper Silurian. Gothland, Sweden. 

DE8MID0CBUTO8 Angl., Rev. ii, p. 108. 

AGA&IC0CBIOT8 Troost, Rev. ii, p. 109. 

Additional species : — 

1881. A. orainif Wetherby, Jonrn. Cinein. Soe. Nat. Hist, vol. v, p. 178, PL 5, fig. 
1 a b. — Keokuk gr. Kentucky. 
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1881. A. dedans Wetherby, Journ. Cinoin. 800. Nat. Hist., vol. r, p. 179, PL f, 
fig. 4 s b. — Keokuk gr. Kentucky. 

ALLOPROSALLOCRHTUS Lyon and Cass., Key. ii, p. 113. 

b. Periechocrinites. 

PERIECHOCRINTJS AuBtin, Rev. ii, p. 127. 

S. A. Miller's late additions to this genus were made from 
natural casts, and there is the usual uncertainty as to their iden- 
tification. We must consider them as doubtful species, until the 
external surface is known from casts or otherwise. Miller con- 
siders Megistocrinus infelix Winch, and Marcy, Saccocrinus 
infelix Miller, specifically distinct from Saccocrinus Christyi 
Hall, which Hall had doubted. He gives two more figures of the 
species, Journ. Cincin. Soc. Nat. Hist., vol. iv, PL 6, figs. 2 a 6. 

Additional species : — 

•1881. Periechccr. Eganil (S. A. Miller). Saccocrinus Egani, Journ. Cinoin. Soc. 

Nat. Hist., PI. 4, figs. 4, 4 a. — Niagara gr. Chicago, 111. 
♦1865. Per iechocr . necii 1 (Winobel and Maroy). Megiftoorinui necis, Memoirs 

Boat. Soc. Nat. Hist., i, p. Ill, PI. 2, fig. 15. S. A. Miller, Saooocrinus 

neoif, Journ. Cincin. Soc. Nat. Hist., 1881, PI. 4, figs. 3, 3 a. — Niagara gr. 

Chicago, 111. 
♦1882. Periechoor. pyriformis 1 (S. A. Miller). 8aoooorinui pyriformii, Journ. 

Cincin. Soc. Nat. Hist. (July), PI. 3, figs. 3, 3 a.— Niagara gr. Chicago, 111. 
•1882. Periechoor. uraiformis 1 (S. A. Miller). 8aoooorinuf nmifonnis, Journ. 

Cinoin. Soc. Nat. Hist. (July), PI. 4, figs. 2, 2 a. — Niagara gr. Chicago, 111. 

ABACOCRINTJS Angelin, Rev. ii, p. 133. 

CORYMBOCRINTJS Angelin. 

1878. Angelin, Iconogr. Crin* Suec, p. 18. 

1879. Zittel, Handb. d.Palaontologie i, p. 878. 

Syn. Bucalyptocrinu* McCoy, 1855 (not Goldfuss). 
Syn. Clonocrinui Quenstedt, 1876 (not Oehlert, 1879). 

The genus Corymbocrinus was in Pt. ii erroneously referred 
by us to the Calyptocrinidae. It resembles Eucalyptocrinus so 
remarkably in the construction of the calyx plates, its deep basal 
concavity, and the perfect symmetry that prevails throughout 
the interradii, that we took it to be a connecting link between 
Actionocrinidae and Calyptocrinidae, but nearer the latter through 
Callicrinu8 } which we thought to be intermediate between Corym- 
bocrinus and Eucalyptocrinus. To this view even the branching 
arms formed no serious objection, as Angelin has figured in the 
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Iconographia, PI. 9, fig. 13, a malformed specimen of Eucalypto- 
crinus, in which some of the arms divide half-way up to the top, 
and in a similar manner, as in Corymbocrinus. Prof. Lindstrdm, 
of Stockholm, however, informs us that the plates along the ven- 
tral side differ essentially in the two forms, and that the genus, in 
his opinion, could not be arranged with the Calyptocrinidse. The 
total absence of special anal plates, unites it with the Melocrinidse, 
and in this we agree with Zittel, but not with Angelin, who sepa- 
rated Corymbocrinus' and Abacocrinus from Melocrinus, and 
placed them in separate families. The two genera have a similar 
arm-structure, but differ essentially in the construction of the 
calyx, the one having a strictly pentamerous, the other a decidedly 
bilateral symmetry. More close are the affinities with Polypeltes, 
provided we understand that genus correctly. We are somewhat 
in doubt whether Quenstedt's name Clonocrinus, should not be 
adopted in place of Corymbocrinus, as it probably has priority, 
but Quenstedt gives no generic description, only mentioning the 
name in connection with a certain species. 

Generic Diagnosis, — Calyx basin, or low cup-shaped; basal 
portions broadly and deeply excavated ; plates of very uniform 
size, rather heavy, somewhat convex, rarely ornamented ; sym- 
metry regularly equilateral, except in the basals. 

Basals four, unequal, forming a hollow cone, which is filled by 
the upper portions of the column. 

Primary radials 3X5, all wider than high. The first plate 
larger than the rest, its lower (here inner) side forming a part of 
the basal concavity, its opposite side at right angles with the 
column, only a small portion curved upward. The second radials 
quadrangular or nearly so, much wider than high, frequently with 
convex lower edges, narrower than the first radials. The third 
radials are pentagonal. Secondary radials 2X2X5, compara- 
tively large. Their upper series support two rows of transversely 
linear tertiary radials, arranged alternately like a double series of 
arm plates, but connected by inter radial and interaxillary pieces, 
and hence forming parts of the body. 

Arms long, bifurcating, gradually tapering to the distal ends ; 
from their base up composed of a double series of very short 
but wide interlocking pieces. Pinnules long. 

Interradials arranged longitudinally in rows of a single plate 
each. The first plate the largest in the calyx ; ninesided ; it ex- 
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tends from the upper sloping sides of the first primary radiate to 
the first plate of the secondary radials. The second plate is 
much smaller, though yet comparatively large ; it is hexagonal, 
and placed upon the first interradial and between the two second- 
ary radials. There are two more interradial pieces above, which, 
like the two former, are longitudinally arranged. This arrange- 
ment is uniform in all five areas. 

Interaxillary plates, one or two ; the upper one cuneate, and 
inserted like the upper interradials between the tertiary radiate. 
Construction of the plates of the ventral side unknown. The 
column is large, round, composed of low segments; articular 
faces provided with radiating striae, except upon a small zone 
next to the periphery ; central canal pentalobate. 

Geological position, etc. — Corymbocrinus is only known from 
the Upper Silurian of England and Gothland. 

Angelin refers to it the following species : 

1840. Corymboor. corolliferas Hisioger (Cyathoor. (?) oorollifenu). Lethiea. Suec 
Suppl. sec, p. 6, PI. 39, fig. 3, a-o. Angelin, 1878.— Corymboor. oorollife- 
rus, Iconogr. Crin. Suec, p. 18, PI. 23, fig. 19. — Upper Silurian. Gothland, 
Sweden. 

1878. Corymboor. grandit Angelin. Iconogr. Crin. Suec, p. 18, PI. 9, flgi. 2, 3. — Up- 
per Silurian. Gothland, Sweden. 

1878. Corymboor. grandittellatus Angelin. Iconogr. Crin. Suec., p. 18, PL 9, fig. 
4, and PI. 23, figs. 18-21. — Upper Silurian. Gothland, Sweden. 

1878. Corymboor. laevia Angelin. Iconogr. Crin. Suec., p. 18, PI. 23, fig. 20.— Upper 
Silurian. Gothland, Sweden. 

1878. Corymboor. Panderi Angelin. Iconogr. Crin. Suec, p. 18, PI. 9, fig. 5, and 
PI. 23, figs. 17, 17 a, b. — Upper Silurian. Gothland, Sweden. 

1855. Corymboor. polydaotylus McCoy (Euoalyptoor polydactylus). Apud. Sedge- 
wick, Synops. Pal. Fos?., p. 58, PI. 1 D, fig. 2; also Salter, 1873; Catal., p. 
120; Angelin, 1878. — Corymboor. polydaotylus, Iconogr. Crin. Suec., p. 18, 
PI. 9, figs. 1, 6-12, and PI. 21, fig. 17.— Upper Silurian. Gothland, Sweden. 

t 

Note. — It is possible that Mariacrinus macropstalus Hail, Paleont., N. 
York, vol. iii, p. Ill, PI. 8 A, fig. 1, is a Corymbocrinus, but it may be a 
Gallicrinu8 in place of Mariaerinus, as which it was described. 

(?) POLYPELTE8 Angelin. 

1878. Angelin, Iconogr. Crin. Suec., p. 27. 

1879. Zittel, Handb. d. Paleont. i, p. 878. 

The genus Polypeltes was described as being composed of u 8 
or more basals, 16 parabasals, 10 (?) X 1 radials (all axillary), 
numerous interradial and interaxillary pieces, and as haying 
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10 X 12 primary arms." This formula was considered by Angelin 
and Zittel so distinct from that of any other known form, that 
both placed the genus in an independent family. We should fol- 
low their example, if we were satisfied as to the correctness of 
that description. 

From the fact that Angelin gave the number of most of the 
above plates with doubt — he stated positively only the number of 
" parabasalia " — we infer that his specimens in the basal regions 
were not in a condition for critical examination. It is, moreover, 
apparent that an arrangement of plates, such as he described, is 
theoretically, as well as practically, impossible. 

From the description it is difficult to ascertain which of the 
plates were intended as " basals " and which as " parabasals." In 
fig. 2, PI. 9, of the Iconographia, there are represented close to 
the column two rings of plates ; an upper or outer one, which is 
composed of 25 or 26 pieces, and close to the column an inner one, 
which, if any reliance can be placed in the figure (?), contains 
very nearly the same number, for the plates are represented as 
alternating with those of the upper ring. The former should 
contain the "parabasals," the latter the basals; but unfortunately 
the plates of both rings differ in number most conspicuously from 
the number attributed to " basals" and " parabasals " in the de- 
scription. 

Of all the plates to which the description alludes, the " ten (?) 
bifurcating radials" are most readily recognized, and we believe 
there are actually ten of these plates in the specimen. In the 
figure they occupy a position within the second ring, but along 
with other plates which are interposed between them. At the 
one side there is a small single piece, which we take to be an inter- 
axillary plate ; at the other are found two larger plates, evidently 
interradials, with possibly an additional anal piece at the poste- 
rior side. It is very probable that these 15 or 16 plates, which 
in groups of one, two, and three (?) are inserted laterally between 
the axillary radials, were taken in the description for " parabasa- 
lia," as otherwise those plates would be undescribed. If this is 
the case, the term has been incorrectly applied, as the name 
u parabasalia " has been given only to the ring of plates which lies 
beneath the radials, and between these and the underbasals. All 
plates which are laterally inserted between the radials, as in this 
case, are called interradials. It would be, however, equally incon- 
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sistent in principle to search for " parabasalia " among the plates 
of the first ring, for basals and " parabasals " are not placed beside 
each other, but the latter rest upon the ring of the former. We 
doubt if Potypeltes possessed any such plates as " parabasalia," 
at least not among the plates of these two rings. It is probable 
that the plates of the inner ring, like those of the outer, were 
partly radials and partly interradials, while the basals were hid- 
den from view by the column. In support of this view it is well 
to compare the plates here exposed with those represented in 
allied genera. 

According to description, the ten bifurcating radials are suc- 
ceeded by two rows of from four to five plates, consisting of 
higher orders of radials ; the upper series bifurcating, giving off 
another order of radials, and these the primary arms, which 
branch after becoming free. Comparing the different portions of 
the rays with the same parts in Abacocrinus and Corymbocrinus y 
we find the form of the radials, their proportionate size, and even 
the construction of the arms and their mode of branching, almost 
identical with those two forms, provided we compare the ten 
lower radials in Polypeltes with the ten rows of secondary radials 
in Abacocrinus and Corymbocrinu8. . The main difference is that 
the latter genus has but one bifurcation in the calyx above these 
plates, while the former has two, and consequently twice the num- 
ber of primary arms, a difference only of specific value. From 
the fact that Polypeltes has an extra bifurcation, and twice as 
many primary arms as the other two genera, it might be asserted 
that it has exceptionally ten primary rays instead of five, and ten 
interradial spaces, but that is not the case. It has been stated 
that the ten radials are laterally disconnected, and separated on 
the one side by a single plate, and on the other by two larger 
pieces. The two larger ones are followed by numerous other 
plates, which, arranged in two rows, extend to the lower portions 
of the arms, and enclose these within the calyx, while the smaller 
plate at the other side stands perfectly isolated, surrounded on 
all sides by radials. That the former represent the plates of 
five interradial series, and the single piece an axillary plate, has 
been already stated, and this proves very clearly that Polypeltes^ 
like other Crinoids, has but five main rays, that the ten axillary 
pieces in Angelinas figure represent 1X5X2 secondary radials, 
and that the specimen must have somewhere primary radials, 
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Beneath the interaxillary plate, the figure indicates the presence 
of two plates, separated laterally, which, combined; have the form 
and position of a bifurcating plate. That there is a mistake in 
the figure with regard to these plates, seems to us beyond ques- 
tion. There is evidently but one plate in the specimen, and this 
represents a primary radial, while the two plates at each side of 
it, as in the succeeding ring, are interradials. The figures do not 
extend beyond this ring, all lower plates being evidently hidden 
from view by the large column, and hence the exact number of 
primary radials and basals is not known, but this was undoubtedly 
similar to that of allied genera, and not so abnormal as given by 
Angelin. 

If it has three primary radials and four basals, which seems to 
us most probable, and at the same time a distinct anal interra- 
dius, we should not hesitate to place Polypeltes as a synonym 
under Abacocrinus, while under the same conditions, but with 
only three basals, it agrees with Megistocrinus. However, should 
it be proved that the posterior interradius has no additional 
plates, but is constructed like that of the four other sides, Poly- 
peltes should be placed under Corymbocrinus. Only a variation 
in the number of primary radials, if our interpretation is correct, 
will warrant a generic separation, but in this case the name should 
be changed, as it becomes meaningless. 

We suggest that in Polypeltes (?) the basals and the greater 
part of the primary radials form a deep concavity, which, to a 
large extent, is filled by the column, as in the case of Corymbo- 
crinus, Megistocrinus and Eucalyptocrinus. We found a very 
similar case in Megistocrinus concavus Wachsmuth, from Alpena, 
Michigan, in which the basals and first radials form the lateral 
wails of a deep concavity, and are entirely hidden from view. 
The second radials are partly exposed, and form, with adjoining 
pieces, a ring of twelve very even, strongly nodose plates, which 
consist of five radials, four regular interradials, and three anal 
plates. Nobody would suspect one of these specimens to be a 
Megistocrinus, unless he obtained access to the deep funnel which 
contains the missing plates. 

We deem it unnecessary to give a special diagnosis of Poly- 
peltes, as we think it will eventually be placed under Abacocrinus 
or Corymbocrinus. It has the same long, branching arms, com- 
posed of two series of narrow interlocking pieces, and, as in that 
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genus, the lower portions of the arms are connected laterally for 
some distance by one or two rows of interbrachial pieces. 
Angelin described under Polypeltes a single species : — 

1878. (1) Polypeltes granulatus Angelin. Iconogr. Crin. Suec., p. 27, PL 24, figs. 

2, 3. — Upper Silurian. Gothland, Sweden. 

MEGISTOCRIITUS Owen and Shum., Rev. ii, p. 135. 

We compared Megistocr. Ontario Hall, and M. depressus Hall, 
with good specimens in our own cabinet and in the Canada Sur- 
vey Museum, and find the former to be a young example of M. 
abnormis Lyon, the latter of M. rugoms Lyon and Cass. 

Additional species : — 

1879. M. pileatus S. A. Miller. Journ. Cincin. Soc. Nat. Hist. (December), PI. 10, 

figs. 1 a b. — Corniferous limest. Columbus, 0. — This must be closely com- 
pared with M. rugosus Lyon and Cass., with which it may be identical. 
1885. M. ooncavus Wachsrauth. Prooeed. Davenport Acad. Sci., vol. iv, p. 96, PI. 

1, figs. 5-7.— Alpena, Mich. 
♦1836. M. globosus (Phill.) Aotinoor. globosus, Oeol. Yorkshire, p. 206, PI. 4, figs. 
26-29, also McCoy, 1844, Synops. Carb. Fom. Ireland, p. 182; W. and Spr. 
Rhodocr. globosus, Rev. ii, p. 212. — Mount, limest. England. 
1885. M. no do sus, var. multidecoratus Barris. Proceed. Davenport Acad. Nat. Sci., 
vol. iv, p. 100. — Hamilton gr. Alpena, Mioh. 

0. ACTIKOCRINITES. 
ACTIKOCRIiroS Miller, Rev. ii, p. 138. 

Phillip80crinu8 caryocrinoides McCoy, Synops. Carb. Foss. 
Ireland, p. 183, PI. 26, fig. 5, is evidently an abnormal specimen 
of Actinocrinus pusillus or some other closely allied species. 

Actinocr. dalyanus S. A. Miller, 1881, is a synonym of Actinocr. 
proboscidialis Hall, and it is from the Lower Burlington lime- 
stone, not from the Keokuk limestone, as supposed by Miller. 

A. tholus Hall. It is possible that the form which Hall de- 
scribed under this name, and which we took to be a synonym of 
A. glanSj is more than a mere variety. We found lately in one 
and the same locality numerous specimens agreeing well with 
Hall's description, every one having convex or even slightly nodose 
plates ; while those of A. glans are generally smooth or merely 
convex, and the form of the body is somewhat more elongate. 

Additional species : — 

I860. A. spinotentaculus Hall, Suppl. Geol. Rep. Iowa, I, p. 86.— Lower Burlington 
limest. — Burlington, Iowa. 
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TELEI0CRINTJ8 W. A Sp., Rev. ii, p. 146. 

In the second part of the Catalogue of Amer. Pal. Foss., p. 
268, Miller calls Teleiocrinus " a subgenus of doubtful utility." 
The fact is we proposed it as a full genus of the Actinocrinites 
and not a subgenus of Strotocrinus. We stated expressly, Tel- 
eiocrinus holds the same relation to Actinocrinus as Strotocrinus 
to Physetocrinus, which, curiously enough, are both accepted by 
Miller. Probably all these genera are descendants of Actinocrinus, 
and it is difficult to see how Miller can reject Teleiocrinus when 
he accepts Strotocrinus. 

8TEGAN0CRINU8 M. A W.., Rev. ii, p. 149. 
AMPH0RACRINU8 Austin, Rev. ii, p. 151. 
PHYSET0CRINU8 M. A. W., Rev. ii, p. 155. 

Additional species : — 

•1881. P. Copei (S. A. Miller) Aotinocrinus Copei, Jour. Cincin. Soc. Nat. Hist. 
(Decbr.), PI. 7, figs. 2, 2 a.— This species, like all others which Miller 
described from New Mexico, came from the Lower Burlington limestone, 
and not from the Keokuk group. — Lake Valley, New Mexico. 

STROTOCRINUS M. A W., Rev. ii, p. 158. 

GENN-E0CRINU8 W. A Sp., Rev. ii, p. 160. 

d. Batocrinites. 

BAT0CBINTJ8 Casseday, Rev. ii, p. 162. 

Additional species : — 

•1859. B. grandifl (Lyon), Actinoorinus grandis, Amer. Journ. Sci., vol xxviii 
(September), p. 240. — Keokuk limest. Kentucky and Tennessee. — In the 
original description of this species, by mistake of the printer, the specific 
name was omitted. Lyon evidently intended to name the species Aot. 
grandis, as that name is mentioned at the end of the description in dis- 
cussing the geological position. We adopt this specific name, but place the 
species under Batoorinufl. It has two arms extended from each arm base, 
a character only found among the Batocrinites. 

ERETMOCRINTJ8 Lyon A Cass., Rev. ii, p. 170. 

Additional species : — 

S. vartoviensis Worthen, 1882, Bull, i, Illinois State Mus. Nat. Hist., p. 30, and 
Geol. Rep. Ills., vol. vii, p. 306, PI. 28, fig. 14. This species is synonymous with 
X. originaxins W. A Sp. 
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DOBYCRnrUS Roemer, Rer. ii, p. 170. 

Additional species : — 

D. lineatns S. A. Miller, 1881, Jo urn. Cincin. Soc. Nat. Hist. (December), PI. 7, figs. 
3, 3 a, from New Mexico, is specifically identical with D. unicornis (0. k Shum.). 



Family VI.— PLATYCRINIDiE Roemer. 

(Emend. W. A Sp.). 

CULICOCRINUS Joh. Muller, Rev. ii, p. 61. 

This genus is known only from casts, and reasonable doubts 
may be entertained as to the correctness of Miiller's figures. That 
the whole ventral side had been covered by only five plates, as 
described by Muller, seemed to us not very probable, and we sug- 
gested in our description that perhaps it had been composed of 
eight pieces : a central plate, 6 proximals and an anal piece, of 
which the sutures had been obliterated. Of late, however, we are 
inclined to abandon this view, as the plates in question are too 
large to be proximals, neither can they be orals, for the larger 
plate is pierced by the anal opening. It seems to us Culicocrinus 
represents morphologically a still lower form than even Caeca- 
crinus, that its ambulacra were subtegminal, and probably also 
the oral piece, unless this is represented by the tubercle in the 
larger plate. 

C0CC0CRINU8 Joh. Muller. Rev. ii, p. 58. 

(Revised). 

In our generic description it was incorrectly stated that Caeca- 
crinus had but a simple interradial to each side. This was partly 
due to a misunderstanding of the plates. The first range consists 
of three pieces, as clearly shown in Coccocrinus bacca Roemer 
(Silur. Fauna West Tenn., PL 4, fig. 5 c). The middle plate, the 
one we described, rests within the notch of two first radials, the 
other two against the upper face of one of them, and against the 
second and third radials. A fourth plate, which we previously 
described as an oral plate, but which we regard now a secondary 
interradial, abuts against the upper faoes of the three former. 
The plates of adjoining interradii do not touch laterally, but are 
separated by a very regular linear cleft, which extends all the way 
from the central gap to the arm furrows. There are nowhere 
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traces of ambulacra, which were probably hidden within the clefts, 
and partly covered by the in terradials, instead of being placed, as 
we had supposed, on a level with them. A similar position was 
probably occupied by the central plate, which, in our opinion, 
formed the bottom part of the central space. 

We have but little doubt that the conditions of Coccocrinus 
rosaceus were essentially the same as those of C. bacca; in the 
former, however, the outer interradials were not preserved, having 
been probably extended out to the free rays, as, more or less, in 
the case of all discoid species of Platycrinus. That they were 
present is indicated by the irregular width of the lateral clefts, 
which, as seen in the specimens, suddenly widen on approaching 
the arm bases, while they should rather grow narrower if repre- 
senting the clefts between the orals in Holopus, as which they 
were regarded by Carpenter. 

C0RDYL0CRIBU8 Angelin, Rev. ii, p. 60. 
MAR8UPI0CRINU8 Phillips, Rev. ii, p. 62. 

Additional species : — 

•1875. M. prematura* (Hall), Platycrinus prasmatunis, Geol. Rep. Ohio, Patoont. 
ii, p. 124, PI. 6, figs. 3-6.— Niagara gr. Green Co., 0. 

PLATYCRnnJS Miller, Rev. ii, p. 65. 

PI. ditcoideu* Hall, 1858, not Owen and Shumard, 1850. = EueXadovrinw 
pleuraviminus White. 

Additional species not noted before : — 

1882. P. monresnsis Worthen, Bull, i, 111. State Mus. Nat. Hist., p. 30; also Geol. 
Rep. Ills, vii, p. 306, PI. 30, fig. 9.— St. Louis limest. Monroe Co., 111.— We 
have but little doubt that Prof. Worthen described here a young specimen of 
P. bononsis White. 
1838. PI. ooronatus Goldfuss, Nova Acta, Leop. xix, i, p. 344, PI. 31, fig. 8.— Car- 
boniferous. Bristol, Engl. 

PI. bloomfleldensis S. A. Miller, syn. of Platycrinus planus 0. and Shum. 

PI. poculum S. A. Miller. Too imperfect for identification. 

PI. vesionlufl McCoy, Rev. ii, p. 76, read PI. vesiouloBus. 

PL prisma turns Hall A Whitf. = Xarsupioorinus prematura!. 

EUCLAD0CRINU8 Meek, Rev. ii, p. 76. 

COTYLEDOHOCRIITOS Cass and Lyon, Rev. ii, p. 77. 
8 
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Family YTL— HEXACRIRIDJE W. and Sp. 
EEXACRniUB Austin, Rev. ii, p. 78. 

Additional species : — 

1884. H. minor (Dewalque MS.), Eraipont, Ex trait des Ann. de la 8oc. g6ol. de Belg., 
Tome xi, p. 110, PI. 1, figs. 4 a and 4 b. — Devon, superieur. Senseille, Bel- 
gium. 

1884. H. veruooBUJi (Dewalque MS.), Fraipont, Ibid., p. 108, PI. 1, fig. 3. — Devon, 
superieur. Senseille, Belgium. 

1882. H. Waohamuthi Oehlert, Bull. geol. de France (Ser. 3), Tome z. p. 355, PL 8, 
fig. 3. — Devon, inferieur. Sabre" and La Fleohe, France. 

ABTHBOACAHTHA Williams. 

1888. Williams, Proo. Am. Phil. 8oc. (April), p. 84. 

Syn. Hystricrinu* Hinde, 1885, Ann. and Mag. Nat. Hist. (March), 
p. 158. 

Prof. Williams proposed the name Arthroacantha in 1883, for 
a Crinoid of the Eexacrinus type with movable spines, of which 
he described and figured one species, A. Ithacensis, from the 
Chemung of New York. He also defined the characters of 
another species, from the Hamilton group, which had been named 
by Hall as Platycrinus punctobrachiatus, but not defined by him, 
except through the medium of a photograph privately distributed. 
To the latter species Williams gave the name Arthroacantha 
punctobrachiata. 

' In 1885, Dr. Hinde (Ann. and Mag. Nat. Hist., p. 158), proposed 
the name Hystricrinus for the genus defined by Williams, and 
described and figured a species, H. Carpenteri, from specimens 
derived from the Hamilton group of Ontario, Canada. He states 
that eminent authorities decided Williams' name to be invalid, by 
reason of its similarity to Arthr acanthus, previously employed by 
Schmarda for a genus of Rotatoria. Examination of the question 
in the light of the Rules of the British Association, adopted in 
1865, has led us to the conclusion that Arthroacantha^ however 
injudiciously chosen to designate a genus of Crinoid, will have to 
stand. The tenth Rule (Am. Jour, Sci., July, 1869, p. 101) says: 
U A name should be changed which has before been proposed for 
some other genus in zoology or botany." It is evident from this 
that a proposed name may be ignored on account of identity with 
a prior name, but not by reason of mere similarity or resemblance 
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in form, however close. It is the word itself which determines 
its standing, and not its signification or derivation. The question 
is one of authority, and not of propriety or expediency, and it 
will be seen that the committee who reported the above- 
mentioned rule to the British Associaton, took the same view as 
to its effect that we do (Am. Journ., July, 1869, p. 107). Arthroar 
caniha is a different word from Arthr acanthus, although of the 
same etymology, and of similar construction, and there are other 
names of recognized standing in natural history, which bear a 
closer resemblance to prior names than this. 

Another bibliographic question arises as to the species of this 
genus. Hall made a good figure of the type, which he called PL 
punctobrachiatus, but his plates were not published. Williams, 
however, when establishing the genus gave a brief but very clear 
definition of the characters of Hall's type specimen (Proc. Am. 
Phil. Soc, 1883, p. 83), and proposed for it the name Arthroa- 
cantha punctobrachiata. On p. 86 he again defined its principal 
characters by comparison with A. ithacensis. The " definition " 
necessary to impart authority to a published zoological term im- 
plies a " distinct exposition of essential characters." (See Com- 
mittee's Report on Rule 12, Am. Journ., 1869, p. 102.) This was 
given by Williams far better than has been done in a great many 
specific descriptions of well known Grinoids. It is our opinion, 
therefore, that A. punctobrachiata is a good species, and that it 
must be credited to Williams. Whether Hinde's species is iden- 
tical with A. punctobrachiata we cannot undertake to determine 
without more direct comparison of specimens. We have exam- 
ined specimens from the Hamilton group of Ontario, Canada, 
which undoubtedly belong to A. punctobrachiata, and it is not 
improbable that A. Carpenter i may prove to be the same thing. 

Arthroacantha is closely allied to Hexacrinus, from which it 
differs in having three primary radials instead of two, and mova- 
ble spines along the surface of the plates. That the spines, which 
are frequently found in close proximity to the plates, are not 
mere broken parts of the plates, but constitute independent struc- 
tures, is clearlj T seen from Prof. Williams' specimens, which he was 
good enough to send us for examination. The nature of the 
spines was disclosed to us more satisfactorily in specimens of A. 
punctobrachiata from the Hamilton of Canada, in which not only 
the calyx, but also portions of the arms were preserved, and in 
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which numerous detached spines lie upon the surface of the plates 
close to the tubercles from which they had been detached. That 
these spines, to some extent, were movable, is more than proba- 
ble. They were evidently connected with the plates by elastic 
ligament, so as to yield when accidentally brought in contact with 
other objects, like the joints in a column, but we doubt if beyond 
this they represent, either functionally or structurally, the spines 
of the Echini. 

These views differ somewhat from those held by Williams, who 
thinks it " not improbable that the original plates of Lepidocen- 
trus ei/elianus, described and figured by Johannes M tiller, which 
were detached plates, associated with spines similar in nature to 
those just described and borne upon similar tubercles, were plates 
from the vault of a true Crinoid like Arthroacantha" And he 
remarks farther, " we have here a possible clue to a relationship 
between true Crinoids and Perischoechinidae. 

There is in our opinion not the slightest doubt but that Miil- 
ler's figures represent Echinoid plates, and that the spines which 
were found associated with them had the same functions as those 
of the true Urchins of later epochs ; but we think that the spines 
of Arthroacantha form component parts of the plates taken sepa- 
rately, and as such we regard them as representing in a modified 
way the ordinary undivided spiniferous plates of other Crinoids. 
For this reason we cannot regard the movable spines of Arthroa- 
cantha of much more than of specific importance, but as the spe- 
cies also possess an additional primary radial, it may be well to 
separate them generically from species of Hexacrinus which do 
not have them. We allude to this more particularly, as Williams 
and also Hinde, was inclined to regard Arthroacantha as the type 
of a distinct family, a distinction, which, in our opinion, gives to 
the movability of the spines a degree of importance which it does 
from a morphological standpoint not deserve. 

We also doubt if (?) Arthroacantha Carpenteri had whorls of 
cirrhi throughout the column, as supposed by Hinde. The col- 
umnar fragments which he figured on PI. 4 — if they belong to 
this species at all — evidently formed the lower portions of the 
stem, as shown by the size and the irregular arrangement of their 
branches, and as such are regarded by us merely as radicular 
cirrhi. 

Generic Diagnosis. — In form and arrangement of plates closely 
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allied to Hexacrinus. All plates of the dorsal cup, the arm plates, 
and all interradial and summit plates, covered with numerous, 
irregularly arranged tubercles, provided centrally with a small 
pit for the reception of a long acicular spine. 

Basals three, large, pentagonal. Primary radials 3X5; the 
lower one very large ; the two upper ones small. 

The anal plate has nearly form and size of the first radials, and 
occupies a similar position. The interradials are numerous and 
either cover the ambulacra completely, or open out to expose the 
covering plates. All plates of the calyx, dorsally and vent rally, 
except the basals, are provided with one or more movable spines, 
also the oral plate and proximals, but not the covering pieces, 
which, however, as stated, are not always exposed. Anus sub- 
central. 

Arms two from each ray, simple or branching, and giving oft 
slender pinnules from each joint. The proximal arm plates are 
composed of single cuneiform pieces, but these gradually interlock 
and turn into two series of alternate plates. Column round. 

Geological position, etc. — Arthroacantha has been found in the 
upper part of the Devonian, and of America only. 

1883. Arthroacantha ithacensis Williams, Type of the genus. Amer. Philos. Soo. f 

April, p. 83, with figures. — Hamilton gr. Near Ithaoa, N. V. 
1882. A. punotohrachiata Williams, Trans. Amer. Phil. Soo. (April), pp. 83 and 80 
(figured by Hall as Platyorinus punctobrachiatus).— Hamilton gr. Ontario, 
Can. 
♦1885. A. Carpenter! (?) Hinde (Hystriorinus Carpenter!), Ann. and Mag. Nat 
Hist. (March), p. 162, PI. 4. — Hamilton gr. Anoona, Ontario, Can. (Prob- 
ably a Syn. of Arthroacantha punotohrachiata Williams. 

DICH0CRIN1J8 MUnster, Rot. ii, p. 81. 

Additional species : — 

I860. D. lachrymosns Hall, Suppl. Geol. Rep. Iowa by Hall, p. 84.— Upper Burling- 
ton limest. Burlington, Iowa. — This species was erroneously referred by us 
to Platyorinus, and was said to be synonymous with PI. subspinulosuj, 
with which it agrees in the ornamentation of the plates. Fine specimens 
which we obtained lately, have convinced us that it is a Diohocrinus, and 
was correctly separated by Hall. It has a comparatively large number of 
interradial plates, a very conspicuous oral, and six large proximal plates. 
The anal aperture is lateral, somewhat protruding, placed at the upper edge 
of one of the first interradials, which is somewhat excavated. The radial 
dome plates are composed of small alternate pieces which we followed up to 
the second bifurcation of the ray. Arms given off from the third secondary 
radials, whence they branch once or twioe again, always from the third plate. 



120 342 

D. COXanus Worthen, 1882, Ball, i, Illinois State Mas., p. 35, and (fool. Rep. HL, 
vol. vii, p. 313, PI. 27, fig. 7, we take to be a mere synonym of Diohoorinui flonj. 
1882. D. hamiltonensis Worthen, Bull, i, 111. State Mus. Nat. Hist., p. 35; also Geol. 
Rep. 111., vol. vii, p. 313, PI. 27, fig. 10.— Keokuk limest. Hamilton, 111. 

TALAROCRIinJ8 W. & Sp., Rev. ii, p. 85. 

Additional species : — 

1882. T. ovatus Worthen, Bull, i, Illinois State Mus. Nat. Hist., p. 36; also Geol. 
Rep. 111., vii, p. 314, PI. 19, fig. 11. — Kaskaskia, gr. Monroe Co., 111. 

PTER0T0CRINU8 Lyon A Cass., Rev. ii, p. 87. 



Family VHL— ACBOCBINID^S W. and Sp. 

The Acrocrinidae, so far as known, are represented by a single 
genus, and of this only three species have been described, two 
from the Chester (Kaskaskia) limestone, and one from the coal 
measures of America. 

No attempt has ever been made to assign the genus Acrocrinus 
to its proper systematic position. Zittel and De Loriol in their 
classifications omit it entirely, and the descriptions by Tandell 
and Hall, which were from imperfect specimens, are indistinct and 
partly incorrect. Thanks to the kindness of Prof. Worthen, we 
have been able to examine a very perfect specimen of an unde- 
scribed species, which one of us described for volume vii of the 
Illinois Geological Report, and of which preliminary descriptions 
were published in Bulletin I, of the Illinois State Museum of Nat. 
Hist., p. 41. The specimen shows plainly that the base is bipar- 
tite, as Hall suspected, and not undivided, as stated by Yandell. 
Fortunately the other plates of the calyx were also in place, and 
in a condition to be critically examined. 

Acrocrinus departs from most Palceocrinoidea in two important 
particulars, and upon these, mainly, the present family is founded. 
First : The plates of the calyx, which in all other species with 
large numbers of plates decrease in size from the basals to the 
arm bases, in Acrocrinus exhibit a decided increase in the same 
direction. Second : The radials are not connected with the basals, 
but separated from them by several rings of plates, which in po- 
sition are partly radial, partly interradial, and which apparently 
are not represented in other genera of the Palseocrinoidea. 
This peculiar structure renders it exceedingly difficult in this 
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form to identify even those elements which are so readily recog- 
nized in other genera. 

In Acrocrinu8 Wortheni Wachsmuth, the comparatively large 
basals are succeeded by a ring of twelve triangular plates, so 
minute, however, that it requires a magnifier to discover them. 
Another series of twelve larger plates constitutes the second 
ring. These plates are joined by their lateral edges, their lower 
angles resting between the preceding plates. Five of them have 
a radial direction, seven are placed interradially, one opposite 
each of the four regular inter radial sides, three facing the anal 
side. Ten of the plates are hexagonal ; only the middle one on 
the azygous side, and the plate which is directed to the anterior 
ray, are heptagonal. The two latter plates have truncate upper 
sides, which support, respectively, a vertical row of four very 
similar hexagonal pieces; one of them is interradial, and succeeded 
by anal plates, the other strictly radial. 

The third ring consists of fourteen plates, larger than those of 
the preceding one. They are not so regularly arranged, and more 
variable in their size and form. Twelve of them alternate with 
the plates of the second ring, while the other two rest upon the 
truncate upper side of the heptagonal pieces just described. By 
this arrangement (see diagram, PI. 9, fig. 1), the plate toward the 
anterior ray is the only plate in this ring which has a radial posi- 
tion, all others being located interradially, two to each of the four 
regular interradial sides, four to the azygous side. 

The plates of the fourth ring differ considerably in form and 
size, and their whole arrangement is irregular throughout. They 
are sixteen in number, five radial in position, five directed to the 
anal side, one to each side adjoining the anterior ray, and two to 
each of the other two interradial sides. 

Above the fourth ring, the plates are readily recognized as 
radials and interradials. In the specimen there are 2X5 radials, 
and the interradials consist of three to each of the four regular 
sides, and eight on the azygous side. The two radials connect 
with the radial plates of the fourth ring only in the anterior ray, 
in the four other rays they are separated from that ring by two 
interradial pieces, which join underneath. 

In the original description of Acrocrinus Wortheni , the plates 
of the fourth ring were included with the radials and interradials, 
and the number of the former was given at three in the four 
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lateral rays, and four in the anterior ray, the number of inter- 
radial s at six to seven, with eighteen anal pieces. 

In this formula, the so-called first radials in four of the rays are 
laterally separated from the rest by intervening interradial pieces, 
a very uncommon but not altogether unprecedented occurrence 
among Palseocrinoids. In Periechocrinus the radials are not 
unfrequently found connected by their angles only, and some- 
times, but exceptionally, one of them is altogether separated from 
the rest by intervening interradial plates. Such a feature, thus 
widely departing from the usual mode of occurrence, may in 
certain cases become a fixed and constant character, but it must 
not be overlooked, that by admitting the plates of this upper 
ring as radials, it becomes imperative to extend the term radials 
to every radial plate below, as each one of them is separated 
from the preceding plate in a like manner. This would increase 
the number of radials in Acrocrinun Wortheni to five (there was 
evidently a small bifurcating piece filling the concavity of the 
upper plate) in the lateral rays, and six in the anterior ray, a 
comparatively small number to what we must expect to find in 
Acrocrinus Shumardi, if we adopt the above interpretation for 
these plates. 

Through the kindness of Prof. Whitfield, we recently had an 
opportunity to examine three specimens of the latter species from 
the Museum of Natural History of New York, which have afforded 
us additional information upon this interesting genus. 

Acrocrinus Shumardi is much larger than Acrocr. Wortheni) 
and the calyx is composed of six to seven hundred pieces, while 
in the latter it has less than one hundred. There are two large 
basals ; two contiguous radials, the lower one small, pentagonal, 
the other hexagonal with excavated upper side ; three interradial 
pieces arranged as in the preceding species, the larger one resting 
between both radials of adjoining rays, the two lower ones abut- 
ting against the lower sloping sides of the second radials. The 
above radials and interradials are distinctly separated from the 
basals by a belt of small hexagonal pieces, which in position are 
partly radial, partly interradial. They are arranged alternately 
in rows, those of each successive series comparatively larger ; but, 
while in A. Wortheni there are only four rings of from 12 to 14 
pieces, Y an dell's species has 14 to 20 rings, more or less, and 25 
to 30 or more plates in each ring. Counting as before all plates 
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which are radial in position as radials,and all intermediate plates 
as interradials, the species possesses 12 and more radials to the ray, 
and 100 and more plates in each interradial space — an enormous 
increase over the plates in Acrocr. Worth eni. Such a wide differ- 
ence in the number of interradial plates among species of the 
same genus is certainty very remarkable, but might be accounted 
for, as this class of plates is subject to great variation ; but a 
numerical difference in the primary radials, if such was the case, 
would be exceptional. The primary radials are elements which, 
once developed, do not multiply, but their number is constant 
throughout the genus, and we doubt if Acrocrinus forms such a 
remarkable exception to the rule. It seems to us more probable 
that only the two large, contiguous upper plates, and the small 
triangular bifurcating piece succeeding them, are radials, that 
only the three intervening pieces in a lateral direction are true 
interradials, and that all lower plates, from the basals up, are 
merely accessory pieces, which obtained their position, whether 
radial or interradial, accidentally through their alternate arrange- 
ment, and the regularity with which they are distributed. By 
this interpretation the two species, which appeared to be so widely 
distinct, are brought within the limits of the same rule — both 
having the same number of radials, interradials and anal plates. 
It is true that accessory pieces like these are not found dorsally in 
any other genus of the Palaeocrinoidea, but they are not uncom- 
mon among Cystideans, and similar plates occur ventrally in some 
of the larger Actinocrinidae and Rhodocrinidae, which, like those 
of the calyx, increase numerically by age, being represented some- 
times by a single ring, and again, in the same species, by a wide 
belt of pieces. The accessory pieces in Acrocrinus increased in 
number by adding constantly new rings above the basals. This 
is well shown by the small specimen of Acrocrinus Wortheni, in 
which the plates of the latest ring are yet triangular, only the 
upper portion being developed ; and it is further indicated by 
the increase in the size of the plates, which is in an upward 
direction. 

In two of the New York specimens, the arms are partly pre- 
served, and in the third one also portions of the vault. Acrocri- 
nus had a third primary radial, which had not been observed in 
Acrocrinus Wortheni. It is triangular and resembles the small 
second radials of Platycrinus, resting like those within the con- 
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cavity of the larger plate. There are also secondary radials, but 
these extend into free rays. 

ACROCEINUS Yandell. 

1855. Yandell, Amer. Journ. Sci. and Arts, vol. xx (new ser.), p, 185. 

1858. Hall, Geol. Rep. Iowa i, PI. ii, p. 689. 

1882. Wachsmuth, Bull, i, Illinois St. Mus. Nat. Hist., p. 41. 

Revised Generic Diagnosis. — Calyx goblet-cup or urn-shaped ; 
composed of a large number of plates, which increase in size 
gradually from the basals up ; plates thin and without ornamen- 
tation. 

Basals two, comparatively large, either formed into a cup, or 
thickened at the lower side and extended into a rim ; sometimes 
depressed and in form of a disk. The two plates are about equal, 
their suture running from the anterior to the posterior side ; the 
upper side not excavated. 

Primary radials 3X5, separated from the basals by a belt of 
numerous, small hexagonal pieces, arranged alternately in rows, 
those of each succeeding series comparatively larger. The first 
plate pentagonal, resting with the lower angles between the inter- 
radial plates of adjoining fields, the upper side supporting a 
second radial. Second radials hexagonal, more than twice as 
large as the first, especially much wider. They abut by their 
lower sloping sides against the upper interradials, and their 
lateral faces rest against corresponding plates of adjoining rays, 
except toward the posterior side, where an anal plate intervenes. 
Their upper sides are truncate and somewhat excavated. The 
third radials are axillary, very small, triangular, sometimes but 
partly occupying the concavity of the preceding plate. The 
higher orders of radials, so far as known, are extended into free 
rays as in Platycrinus. There are 2X2X5 secondary radials, 
which rest obliquely against the sloping sides of the triangular 
piece. They are short but wide ; their inner sides connected by 
a suture, the outer side partly placed against a second primary 
radial, filling part of its concavity, and partly extended bej r ond 
it. In Acrocr. Shamardi, the outer pair of secondary radials 
gives off an arm ; the inner division bifurcates again at the second 
plate, and supports 2X2 tertiary radials with an arm each, thus 
giving three arms to each main division, and six to the entire ray. 
The arm formula, however, may vary in other species. 
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Arms long, of nearly equal thickness throughout their length. 
They are composed of two series of very short pieces, alternately 
arranged. Ventral furrow wide and deep. Pinnules long, closely 
packed together, composed of six to seven joints, three times 
longer than wide. 

Interradials three, in two series ; the first series composed of 
two plates, which rest upon the belt of the supplementary inter- 
vening pieces already described, and between the sloping sides of 
the second radials. The second series consists of a single piece, 
placed between the upper sloping sides of the first radials, and 
the lower sloping sides of the second radials. The azygous side 
is known only in A. Wortheni. In that species it is composed of 
two hexagonal anal plates, resting upon a row of similar pieces, 
which, like those, are longitudinally arranged. The upper anal 
plate is placed in line with the second primary radials, and is higher, 
but not quite so wide ; the second plate is somewhat smaller. At 
each side of the anal plates there are three interradials, which are 
formed and arranged like those of the four other sides. 

The ventral covering is but imperfectly known ; we only observed 
numerous thin, very minute, irregular pieces, with an elevation 
toward each ray. Position and form of the anus unknown. 

Column round, somewhat tapering downward, composed of 
thin joints.; central canal small. 

• Geological Position, etc. — Acrocrinus is the last and only sur- 
viving genus of the Camarata at the close of the subcarboniferous. 
It has been found only in the Mississippi valley, where it is 
exceedingly rare. 

1855. A. Shumardi Tandell. Type of the genus, Ainer. Journ. Sci. and Arts, vol. xz 
(new ser.), p. 135 with figure. (It was previously figured without descrip- 
tion or name by Tandell and Shumard, 1847, in their Contrib. Geol. Ken- 
tuoky, PI. 1, fig. 3). — Chester or Kaskaskia liinest. Grayson Co., Ky. 

1858. A. nrneBformis Hall. Geol. Rep. Iowa, i, PI. ii, p. 690, PI. 25, fig. 11 a, b.— 
Chester or Kaskaskia Hmest. Pope Co., 111. 

1882. A. Wortheni Waohsmuth. Bull, i, III. St. Mus. Nat. Hist., p. 41; also Geol. 
Rep. 111., vii, p. 343, PI. 30, fig. 13. — Coal measures. Peoria Co., 111. 

Family IX.— BABBANDEOCBINIDJE Angl. 
BARRAHDEOCRIIIUS Angl. 

This is one of the most remarkable forms of the Palseocrinoidea. 
Looking at a perfect specimen with all its arms intact, it super- 



126 848 

ficially resembles a Blastoid. However, with the arms removed, 
it is found to possess all the essential characters of the Actino- 
crinidae, and doubts might be entertained whether it should not 
be grouped with that family. Angelin and Zittel have made it 
the type of a distinct family, and we think the peculiar construc- 
tion of the arms and ventral side fully justifies this separation. 
The arms of Barrandeocrinus, if we correctly understand the fig- 
ures, were permanently in a recumbent state or moved with great 
difficulty ; they were laterally connected at the tips of their pin- 
nules, at least those of the same ray. and could not be closed in 
the usual way. 

Generic Diagnosis. — In its general outline, with the arms at- 
tached, resembling a Blastoid ; form globose ; calyx, without arms, 
cup-shaped. Arms arranged in pairs ; recumbent ; their dorsal 
side directed toward the calyx, the ventral side exposed to view. 
They are united laterally by the tips of their pinnules so as to 
completely cover the calyx, and extend beyond it to the upper 
part of the column, which is somewhat indented for their reception. 

Basals three, equal. Primary radials (?) 3 X 5, 1 the first con- 
siderably larger. The axillary radials support at each upper side 
a single rather large secondary radial, and these support an arm 
each. Interradials arranged as in the Actinocrinidae ; the four 
regular sides, up to the arms, consisting of only one plate, which 
rests upon the first radials. The axygous side has two large 
anal plates ; the lower one meeting the basals, the other placed 
between the inter radial which is bisected for its reception. These 
are succeeded by three much smaller and elongate interradial 
plates, and a similar number of interaxillary pieces of exactly the 
same form and arrangement as the three interradial ones. Ven- 
tral surface deeply depressed along interradial and interaxillary 
spaces, the depressions which grow deeper toward the equatorial 
zone alternating with ten flattened ridges which led to the ten arms. 

Arms heavy ; composed of a single row of closely set,' quad- 



1 Angelin states that the number of radials is 2 X 5, while Zittel gives it 
as 8 X 5. In Angelin' 8 figure, Icon. Suec, PI. v, figs. 6, 6 a, there appear 
to be but two primary radials, the second plate being axillary. But in the 
specimens represented on PI. iv., fig. 5 a, and PI. xxii, fig. 3, three of them 
are visible, arranged as those of Actinocrinut. It is probable that the true 
number is three, and that in the first mentioned specimen the sutures be- 
tween the second and third radials became obliterated by anchylosis. 
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rangular plates, with strong, apparently immovable pinnules, lat- 
erally connected. The arms are so closely folded together that 
they appear as if they were suturally connected, and formed 
around the calyx a solid body with ten ambulacra upon the surface. 

Column stout, circular, with pentangular axial canal. 

The only known species is : 

1878. Barrandeocrinus sceptrum Angl. Icono. Crin. Suec. p. 8, PI. 4, figs. 5, da, 
and PI. 5, figs. 6, 6 a, and PI. 22, figs. 2-4.— Upper Silur. Gothland, Sweden. 



Family X.— -CALYPTOCBINIDJE Roemer. 

Roemer, in proposing this family, used the name Eucalyptocri- 
nidse (Leth. Geogn., Aug. 3, 1855, p. 229), which was afterwards 
changed by Angelin to Calyptocrinidse (Icon. Crin. Suec, 1879, 
p. 14). The latter name was accepted by Zittel, who referred to 
it also Lyriocrinus Hall, which we have placed under the Rho- 
docrinidae. 

EUCALYPTOCRINUS Goldfuss. 

(HYPANTHOCRINUS Phillips.) 

1826. Goldfuss. Petref. Genu., i, p. 212. 

1885. Agaasiz. Mem. Soc. des Sci. natur. de Neuchatel, i, p. 197. 

1888. Goldfuss. Nova Acta. Leopold., xix, i, p. 335. 

1841. Miiller. Berl. Acad. d. Wissensch., p. 210. 

1841. Hall. Paleont. N. York, ii, p. 207. 

1843. Roemer. Rhein. Nebergangsgeb., p. 64. 

1850. D'Oibigny. Prodr. de Paleont., i, p. 45. 

1852. Quenstedt. Handb. der. Petrefactenk., p. 624. 

1854. McCoy (in part). Synops. Brit. Palseoz. Fossils, p. 57. 

1855. F. Roemer. Lethsea Geogn. (Ausg. 3), p. 257* 
1857. PictSt. Traits de Paleont., iv, p. 307. 

1860. Bronn. Klassen des Thierreichs ( Actinozoa), PI. 27. 

1862. Hall. Notice of New Foss. from Waldion, p. 3. 

1862. Dujardin and Dupe\ Hist, natur. des Zooph. Echin., p. 115. 

1865. Hall. 15th Rep. N. Y. State Cab. Nat. Hist. p. 82. 

1866. Schultze. Monogr. Echin. Eifl. Kalk., p. 90. 

1878. Angelin. Iconogr. Crinoid. Suec, p. 16. 

1879. Hall. 28th Rep. N. Y. State Cab. Nat. Hist. (edit, ii), Pis. 16-19. 
1879. Wetherby. Journ. Cincin. Soc. Nat. Hist. (April), No. 5. 

1879. Zittel. Handb. der Paleont, i, p. 379. 

1882. S. A. Miller. Journ. Cincin. Soc. Nat. Hist. (July). 

(?) Syn. Hypanthocrinua Phill., 1839; Murchihon's Silur. System, 
p. 672, PL 17, fig. 3 ; Zittel, 1879 ; Angelin, 1878 ; S. A. Miller, 1880. 
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There is some doubt whether Hypanthocrinus Phillips is a 
synonym of Eucalyptocrinus or a good genus. Hypanthocrinus 
was separated by Phillips simply upon the presence of a column, 
which Goldfuss thought to be absent in Eucalyptocrinus, but as 
E. rosaceus, his type is known to be pedunculated, this distinc- 
tion fails. Angelin and Zittel, who both uphold Hypanthocrinus^ 
describe the base as being less deeply funnel-shaped, the anal 
tube as extending beyond the arms, and the partition walls sur- 
rounding the arms as being constructed principally of a single 
piece. A critical comparison has convinced us that these charac- 
ters are not constant throughout the species. The only character 
upon which a separation might possibly be effected, is the pro- 
boscis-like anal tube, but this part, unfortunately, is rarely pre- 
served. Some of the American species with a long tube have a 
deep, funnel-shaped base, while in others with a simple opening, 
the base is comparatively shallow. In all of them the partition 
walls between the arms consist of two pieces, but in some species 
the lower one is comparatively longer than in others. We shall 
ignore Hypanthocrinus until better distinctions are given. 

Eucalyptocrinus is closely allied to Callicrinus, from which it 
differs in having rudimentary partitions between the arms, ex- 
tending out only a short distance, leaving the greater part of the 
arms free and unprotected. 

Among the species that have been referred to Eucalyptocrinus, 
are several which were described from natural casts. We do not 
deny that their generic relations were correctly identified, nor 
that differences of specific value probably exist among them, but 
we doubt if it is possible for any one to decide from internal 
casts whether such specimens are specifically distinct from others 
in which the test is preserved, and hence consider them for the 
present as doubtful species. 

Troost's Eucalyptocrinus conicus, E. extensus, E. gibbosus, E. 
Goldfussi, E. Isevis, E, Naxhvillse, E. Phillipsii and E. Tenner 
seas, all from the Niagara of Western Tennessee, are mere cata- 
logue names, no descriptions having been published. 

Generic Diagnosis. — When the arms are attached more or less 
ovoid ; without arms resembling a wine bottle with concave bot- 
tom and long slender neck. The neck is surrounded by ten par- 
titions, arranged vertically so as to form ten niches or compart- 
ments for the reception of the arms. The calyx is composed of 
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heavy plates, is either Cup- or saucer-shaped, with basal regions 
deeply concave, somewhat fun d el-shaped. In the dorsal cup the 
pentamerous symmetry is interrupted by the basals only ; at the 
ventral side, however, it is greatly disturbed. Anus central, lo- 
cated at the top of the neck-like prolongation, or at the end of 
a tube. 

Basals four, small, unequal in size, one of them larger than the 
rest; axial canal five-rayed; its radii directed interradially, there 
being two of them in the larger plate. As a rule the basals are 
not seen externally, being placed at the upper end of the concav- 
ity, which also involves the greater part of the first radials, and 
frequently other plates. 

Radials in three orders, the tertiary radials, however, imper- 
fectly developed, and taking rather the form of brachials. Pri- 
mary radials 3X5; the first one large, wider than the other two; 
the second quadrangular, wider than high ; the third hexagonal, 
its upper side truncate for the reception of an interaxillary plate. 
Secondary radials 2 X 2 X 5, all pentangular, the lower series larger 
than the upper, those of the same division connected by horizon- 
tal suture. The upper secondary radial is axillary, and supports 
the tertiary radials, which are composed of two short transverse 
pieces supporting the arms. 

Dorsal interradials three to each interradius, throughout the 
genus, in young as well as in adult specimens. The lower one is 
the largest plate in the calyx, and always decagonal. The two 
upper plates are connected by a vertical suture to their full 
length, and both combined are smaller than the lower one. Their 
upper ends form a narrow quadrangular projection, which extends 
to the top of the tertiary radials, and supports upon its truncate 
upper side the interradiai partition walls. The interaxillary plates 
of the dorsal side consist of a single piece in each ray, placed 
between the secondary radials. In form and dimensions it resem- 
bles most remarkably the two upper interradiai plates, its upper 
end projecting in a similar manner to the top of the tertiary 
radials, and also supporting a partition. The peculiar projections 
between the arm sockets give to the specimen a very marked 
appearance, and when the ventral side is not preserved, form a 
reliable guide for generic identification. 

The ventral side consists of four rings of plates. The lower 
ring is composed of five elongate interradials, which rest upon 



128 

There N 
synonym «• 
was scpar.'i' 
which G<»i 
E. rofiaci 
tion fail-, 
describe \ 
tube as c* 
rounding 
piece. \ 
ters an* ■ 
upon wi. 
boscis-1: 
served, 
deep, ii 
the ba- 
walls 1 
the h»v« 
ignon- 

^ En- 

fliflc-i » 

tend i ■ 
arms 
A: 
are - 
den* 

• 

thai 
we 
ca^ 
in v 
pr« 
'I 

G' 

lou 

I 

ov< 
tn. 

\m 




:>3 131 

• 

nieces, bat they undergo more variations among species, and show 
more irregularities than any of the other plates. In some species 
tney are confined almost exclusively to the upper face, being mere 
top pieces ; in others they represent an important part in the par- 
tition walls, while in still others they extend deeply down into 
Lhe tubular neck, forming the upper part of its walls. In all 
cases, however, their obtuse edges are turned outward, and form 
,iio upper part of the partition, being sutu rally connected with 
.:io lower part of them. 

The plates covering the tubular neck, t. e., anal plates, consist 
T small pieces, with a somewhat subcentral opening, or, as in 
Fucalyptocrinus rigens Angelin, of valvular plates. Sometimes 
*hey are extended into a free tube, composed of hexagonal pieces. 
The arrangement of the plates surrounding the anal opening is 
*nore regular than it appears from some specimens. The apparent 
irregularities are caused largely by the plates of the third ring, 
which> in some species, have their upper ends partly exposed. 

The arms are arranged in pairs, each pair filling one of the ten 
compartments, with an interradial partition wall on one side, and 
in interaxillary one on the other. The arms evidently moved 
with difficulty, being heavy, and in the adult composed of two 
rows of short transverse pieces, with horizontal sutures, but there 
was a single row of wedge-shaped pieces in young specimens. 
They have a deep ventral furrow, and long pinnules composed of 
numerous joints, which gradually decrease in width. The arms 
and pinnules are so closely fitted into the partition walls, that 
when the arms are perfectly closed, it appears as if they were 
suturally connected and constituted a part of the body. 

The visceral cavity actually is formed only by the plates of the 
dorsal cup and by the two lower rings of plates in the vault, the 
plates of the two upper ones forming the neck-like prolongation. 
The food grooves enter the calyx at the base of the arms, and 
proceed within shallow grooves at the inner floor to near the top 
of the second ring. The hydrospires evidently extended to the 
lower portion of the neck, and perhaps (?) communicated with 
the exterior through the anal aperture, as apparently no other 
opening except the ambulacral passages enter the body. 

The column is moderately large, cylindrical, composed of rather 
long joints, with pentapetalous central canal. It evidently had no 
lateral cirrhi, except at the root, where it gives off hundreds of 
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little rootlets, which gradually taper, spreading out horizon- 
tally. 

Eucalyptocrinus is one of the most perplexing genera, especi- 
ally by reason of its peculiar ventral structure. The only ventral 
plates about which there seems to be no doubt are those of the 
first ring, which have been designated by all writers as large inter- 
radials and interaxillaries, i. e., interdistichalia. More dubious 
are those of the second ring, which partly cover the peristome. 
They fit with their projecting angles into the ten re-entering angles 
formed by the sloping sides of the preceding plates. The plates 
of the one ring practically alternate with those of the other, for 
by bisecting the two smaller plates, and dividing the larger ones 
into three pieces, we obtain ten nearly equal plates, alternately 
arranged, thus proving that the plates are not in part interaxil- 
laries ; but what are they ? We doubt if they are calyx inter- 
radials ; the fact that there are four plates is certainly a very 
serious objection. By dividing the plates among the five inter- 
radii, some of the pieces would be distributed among different 
areas. Another interpretation seems to us more probable, and 
offers at the same time an explanation of the plates in the third ring. 
The proximals and the oral plate, in all Palseocrinoids with 
nearly central anal tube, are pushed to the anterior side, and the 
oral plate and the two smaller proximals constitute actually a part 
of the tube of which the four larger proximals form the base. We 
think the case is very similar in Eucalyptocrinus , but here, owing 
to the strictly central position of the anal tube, not only one of 
the proximals, but also the oral plate is penetrated by the anal 
passage, and divided into two parts. This, if correct, suggests 
that in Eucalyptocrinus the four plates of the second ring repre- 
sent the four large proximals, a view which seems to be confirmed 
by the peculiar arrangement of the plates in the third ring, in 
which we consider that the two smaller ones represent the two 
smaller proximals, while the two larger pieces, which rest upon 
all plates of the second ring, are equivalent to the oral plate. 
This would further suggest, that the ten plates in the fourth ring 
are extravagantly developed anal plates. 

Geological position, etc. — Eucalyptocrinus is one of the leading 
genera of the Upper Silurian, and it occurs in America and 
Europe. A single species is known from the Devonian. 
The following species have been described ; — ■ 
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(?) 1865. Enoalyptoor. chicagoenaia Winch. A Marcy. Mem. Boat. Soc. Nat. Hist., 

vol. i, No. 1, p. 90. — Niagara gr., Chioago, 111. (Described from casts.) 

1843. E. ocBlatus Hall (Hypanthoorinus ooelatus). Geol. 4th Distr. N. Y., p. 113, 

fig. 1.— F. Roemer, 1855, Leth. Geogn. (Aug. 3), p. 260. £. ooelatus 

1852, Hall, PalaBont., N. Y., p. 210, PI. 47,~figs. 4a-c; F. Roemer, 1868, 

Silur. Fauna West. Tenn., p. 48, PI. 4, fig. 3 ; Hall, 1865, Trans. Alb. 

Inst. (Abstr., p. 32); also 20th Rep. N. Y. State Cab. Nat. Hist., pp. 

321-329 (Revised Edit., pp. 363-366); 28th Rep. N. Y. State Cab. Nat. 

Hist., p. 142, PI. 16, figs. 1-10, and PI. 19, figs. 1-3; also 11th Ann. 

Geol. Rep. Indiana, p. 274, with plates. — Niagara gr. Lookport, N. Y. 

(?) 1864. E. oornutUB Hall. New or little known Foss. Niagara gr., p. 18; also 1865, 

18th Rep. N. Y. State Cab. Nat. Hist., p. 322, PI. 11, figs. 8-10.— Niagara 

gr. Waukesha and Racine, Wise. (Described from casts.) 

Yar. exoavatUB Hall, 1864. New or little known Foss. Niagr. gr. p. 18; 

also 18th Rep. N. Y. State Cab. Nat. Hist., p. 322, PI. 11, figs. 8-10.— 

Niagara gr. Racine, Wise. 

1879. E. oonstrictus Hall. Trans. Alb. Inst., vol. x (Abstr., p. 10); also 11th Ann. 
Geol. Rep. Indiana, p. 273, PI. 15, fig. 1. — Niagara gr. Waldron, Ind. 

1863. E. orassnj Hall. Trans. Alb. Inst., vol. iv, p. 197 ; 18th Rep. N. Y. State Cab. 
Nat. Hist., p. 323, PI. 11, figs. 2, 3 (Revised Edit., p. 365); also 28th 
Rep. N. Y. State Cab. Nat. Hist., p. 141, and PI. 17, figs. 1-11, and PI. 
18, figs. 1-9 ; also PI. 19, figs. 2, 4, 5 ; Eleventh Ann. Rep. Indiana, 1851, 
p. 27, PI. 17, figs. 1-11, and PI. 18, figs. 1-9; Geol. Surv. Ohio, Paleont., 
ii, p. 129, PI. 6, fig. 11 (Green Co., O.).— Niagara gr. Waldron, Ind. 
1839. E. deoorns Phi 11. (Hypanthoor. deoorus) Muroh. Silur. Syst. p. 672, PI. 17, 
fig. 3; also Hall, 1843, Geol. 4th Dist. N. Y., p. 113, figs. 2-3. Euoalyp- 
toor. decorua Hall, 1852, Paleont. N. Y., vol. ii, p. 207, PI. 47, figs. 1-3; 
and PI. 85, fig. 7 ; also McCoy, Synops. Brit. Palseoz. Foss, p. 58; also F. 
Roemer Leth. Geogn., 1855 (Aug. 3, p. 259) ; Dujardin and Hup6, 1862, 
Hist, natur. des Zooph. Echinod., p. 116. — Rochester and Lockport, N. Y., 
and Dudley, Engl. (?) 

1878. E. deooratus Angelin. Iconogr. Crin. Suec., p. 17, PI. 5, figs. 4, 4 a. — Upper 

Silurian. Gothland, Sweden. 
(?) 1880. E. depressus S. A. Miller. Journ. Cincin. Soc. Nat. Hist. (October), PI. 7, 

figs. 1, 1 a. — Niagara gr. Chicago, 111. (Described from a oast.) 
(?) 1880. E. Egani S. A. Miller. Journ. Cincin. Soc. Nat. Hist., vol. hi, PI. 4, fig. 1. 
— Niagara gr. Chicago, 111. (Described from oasts.) 

1878. E. excellentissixnus Angelin. Iconogr. Crin. Suec., p. 16, PI. 24, fig. 15. — 
Upper Silurian. Gothland, Sweden. 

1847. E. granulates (Lewis) Morris (Hypanthoor. granulates). London Geol. 
Journ., Part 3, p. 99, PI. 21, figs. 1-5; also Angelin, Ioonogr. Crin. Suec., 
1878, p. 18, PI. 6, figs. 3, 4; also PI. 24, figs. 10-12; and PI. 29, figs. 69, 
70-74. — Upper Silurian. Walsall, Engl., and Gothland, Sweden. 

1875. E. magnus Worthen. Geol. Rep. Illinois, vol. vi, p. 501, PI. 25, fig. 3.— Ni- 
agara gr. Wayne Co., Tenn. 

•1878. E. minor Angelin (Hypanthoor. minor). Ioonogr. Crin. Suec., p. 17, PI. 6, 
fig. I ; also pi. 24, figs. 9-13. — Upper Silurian. Gothland, Sweden. 

(?) 1864. E. oboonicui Hall. New or little known Fobs. Niagr. gr., p. 19; also 1865, 
18th Rep. N. Y. State Cab. Nat. Hist., p. 323, PL 11, fig. 1.— Niagara gr. 
Racine, Wise (Described from internal oasts.) 
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(?) 1861. E. ornatni Hall. Rep. of Progress of Qeol. Snrv. Wise, p. 20.— Niagara 
gr. Racine, Wise. (Described from internal oasts.) 

1850. £. ovalis Troost. Proo. A. A. A. Sci., p. 60; Hall, 1876. 

(£. ovatus Hall. Not Angelin, was printed in place of E. ovalit.) Doc. 
Edit., 1878, p. 143, PI. 17, figs. 12, 13 ; also 11th Ann. Qeol. Rep. Indiana, 
with plates. — Niagara gr. Waldron, Ind. 

1878. E. ovatus Angelin. Ioonogr. Crin. Suec, p. 17, PI. 5, figs. 1, 2. — Upper Si- 
lurian. Gothland, Sweden. 

1852. E. papulosus Hall. Paleont. Rep. N. York, vol. ii, p. 211, PI. 47, figs. 5 a, b; 
also F. Roemer, Leth. Geogn., 1855 (Ang. 3, p. 260). — Niagara gr. Mon- 
roe Co., N. Y. 

1878. E. plebejus Angelin. Iconogr. Crin. Suec., p. 17, PI. 5, fig. 7. — Upper Silu- 
rian. Gothland, Sweden. 
(?) 1882. E. proboscidalia S. A. Miller. Cincin. Jour. Nat. Hist. (December), p. 224. 
— Niagara gr. Pontiac, 0. (Described from internal casts.) * 

1860. E. ramifer Roemer. Silur. Fauna West. Tenn., p. 51., PI. 4, fig. 4. — Niagara 
gr. Decatur Co., Tenn. 
•1837. E. regnlaris (Hisinger), Aotinocr. regnlaris. Lethaea Suec. (Suppl. 2), p. 
6, PI. 39, fig. 6.— Hypanthoor. regularis Angelin, 1878, Iconogr. Crin. 
Suec., p. 17, PI. 6, fig. 2; and PI. 24, figs. 11-20; and PI. 29, figs. 35-64. 
Upper Silurian. Gothland, Sweden. 

1878. E. rigens Angelin. Iconogr. Crin. Suec, p. 17, PI. 9, fig. 13; and PI. 24, figs. 
16-19-21 ; and PI. 29, figs. 30, 31.— Upper Silurian. Gothland, Sweden, 

1826. E. rosaceus Goldf. (Type of the genus). Petref. German, i, p. 214, PI. 64, fig. 
7 ; also Nov. Acta Leop. xix, p. 335, PI. 30, fig. 6. Agassis, 1835, Mem. 
des Sci. natur. de Neuohat. i, p. 197; also F. Roemer, Rhein. Neber- 
gangsgeb., p. 64. De Koninck and Lehon, Crinoid. Carb. Belg., p. 73 ; 
also Roemer, Leth. Geogn., 1855 (Aug. 3), p. 259, PI. 4, figs. 20 a-c, and 
PI. 4, figs. 11 a-c. Dujardin and Dup6, 1862, Hist, natur. des. Zooph. 
Eohinod., p. 116; Bronn, Klassen d. Thierreiohs (Actinozoa), PI. 27, fig. 
2 ; Pict6t, 1857, Traite* de Palgont. iv, PI. o, fig. 1 ; Sohultxe, 1866, Mon- 
ogr. Eohin. Eifler Kalk., p. 90, PI. 11, figs. 1-14. — Lower Devonian. Eifel, 
Germany. 
(?) 1882. E. rotundus S. A. Miller. Cincin. Journ. Nat. Hist., vol. v (July), PI. 3, 
fig. 4. — Niagara gr. Chicago, Dl. (Described from oasts.) 

1878. E. speoiosus Angelin, Iconogr. Crin. Suec, p. 16, PI. 5, fig. 3, and PI. 29, figs. 
27-29 and 32-34.— Upper Silur. Gothland, Sweden. 

1877. E. gplendidus (Troost) Hall, Geo]. Surv. Ohio, Paleont. ii,p.l28, PI. 6, fig. 12. 
Niagara gr. Springfield, O. 
(?) 1878. E. tuberoulatus Miller and Dyer, Journ. Cincin. Soc. Nat. Hist. (April), PI. 

2, figs. 9, 9 a. — Niagara gr. Waldron, Ind. — Evidently a mere variety of 
E. ooelatus Hall. 

(?) 1882. E. tnrbinatus S. A. Miller, CiDcin. Journ. Nat. Hist., vol. v (July), PI. 

3, fig. 5. — Niagara gr. Chicago, 111. — Described from internal casts. 

Note. — Eucalyptocrinus polydactylus McCoy, is a Corymbocrinut, and 
E. armosus McChesney is too imperfectly known for identification. 
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CALLICBIFTTS D'Orbigny. 

1850. D'Orbigny ( CaUiocrinus), Prodr. i, p. 45. 

1878. Angelin ( CaUicrinut), Iconogr. Crin. Suec, p. 14. 

1879. Zittel {CaUicrinus), Handb. d. Paleont. i, p. 878. 

Syn. Eugeniacrinites Hisinger (not Miller), 1867, Leth. Suec., p. 86. 

Callicrinu8 ( Galliocrinus d'Orbigny) may be considered as a 
transition form between Gorymbqcrinus of tbe Actinocrinidse and 
Eucalyptocrinu8. It possesses the structural peculiarities of the 
latter, but these are not so distinctly expressed, and it appears 
as if the genus represented an earlier phase in the development 
of this family. In both genera, the dorsal and ventral side is 
composed of plates of a similar kind and like number, and both 
have partitions ventrally ; but, while those of Eucalyptocrinus 
surround the arms on all sides, the partitions of Gallicrinus are 
rudimentary, the greater part of the arms being uninclosed. 

Generic Diagnosis. — Calyx as in Eucalyptocrinus, extending to 
the tips of arms, resembling a wine bottle with long, slender neck, 
and deep concavity at the bottom, but the partition walls, in place 
of forming deep niches, consist only of braces between the arm 
bases, projecting out between the lower portions of the arms ; not 
extending in height beyond the limits of the first ring of plates. 
Anus central. The plates are frequently ornamented, sometimes 
nodose and certain plates spiniferous. 

Form of calyx, number and arrangement of plates as in Euca- 
lyptocrinus. Dorsal cup composed of four basals ; 3 X 5 primary, 
2X2X5 secondary, and 1X2X10 tertiary radials ; always 3X6 
interradials and one interaxillary. Ventral side composed of four 
rings of plates ; the first ring containing five interradials, five 
interaxillaries, and ten interbrachial pieces. The interbrachials, 
as a rule, are somewhat larger than those of Eucalyptocrinus, and 
they are provided, like the interradials and interaxillaries, with a 
projecting brace, but less prominent than those of the other 
plates. The latter are always stronger, and sometimes extended 
into a long spine. The twenty braces or partition walls are 
arranged parallel to each other, and vertically along the median 
part of the plates. The second ring, if our interpretation is cor- 
rect, consists of the four large proximals (compare our remarks 
in Eucalyptocrinus) ; the third ring of the divided oral or central 
plate and the two smaller proximals, which agree in their form 
and arrangement with those in Eucalyptocrinus. The plates of 
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the fourth ring, which form the upper part of the neck, are 
generally composed of four plates, forming a tubular cavity, which 
is covered by small pieces surrounding the anal opening. There 
are no lateral extensions along these plates, but the upper end is 
frequently provided with a thickened rim, sometimes, however, 
extended into long spines, which are spread out horizontally. 

Arms twenty, not extending beyond the top of the tubular 
neck ; they are composed of two series of interlocking pieces, 
and are provided with long pinnules, composed of six or more 
elongate joints. The arms rest within the niches formed by the 
braces, the greater portion of them remaining free. 

Column round, composed of rather long joints with a medium- 
sized, apparently circular canal. 

Geological Position, etc. — Callicrinus has been recognized only 
from the Upper Silurian of Sweden ; it is possible, however, that 
some of the casts described from the Niagara group of Wisconsin 
represent this genus. 

1878. Callicrinus beyriohianus Angel in, Iconogr. Crin. Suec, p. 15, PI. 2, fig. 6. — 
Upper Silurian. Gothland, Sweden. 

1837. C. costatus (Hisinger), Eugeniaorinites (?) ro statu s, Lethaea Suec., p. 90, PI. 30, 
fig. 14a b; D'Orbigny, 1850, Calliocrinus costatus (Type of the genus), Pro- 
drome i, p. 45 ; Angelin, 1878, Callicrinus costatus, Iconogr. Crin. Suec.. 
p. 15, PI. 1, fig. 6, and PI. 2, figs. 1-4; PI. 21, figs. 4, 5; also PI. 24, figs. 23- 
26 ; PI. 28, figs. 19-22 and 24, 25; also PI. 29, figs. 1-26 and 65-68.— Upper 
Silurian. Gothland, Sweden. 

1878. C. diadema Angelin, Iconogr. Crin. Suec., p. 16, PI. 28, figs. 27, 27 a. — Upper 
Silurian. Gothland, Sweden. 

1878. C. koninckianus Angelin, Iconogr. Crin. Suec, p. 15, PI. 1, figs. 4, 4 a, and PI. 
28, figs. 18-26. — Upper Silurian. Gothland, Sweden. 

1878. C. minor Angelin, Ioonogr. Crin. Suec, p. 16, PI. 25, fig. 15. — Upper Silurian. 
Gothland, Sweden. 

1878. C. murohisonianus Angelin, Iconogr. Crin. Suec, p. 15, PI. 1, fig. 3, and PI, 
28, figs. 14-17. — Upper Silurian. Gothland, Sweden. 

1878. C. roemerianus Angelin, Iconogr. Crin. Suec, p. 15, PI. 1, figs. 1, 2, and PI. 
28, fig. 23. — Upper Silurian. Gothland, Sweden. 

1878. C. sedgwickianus Angelin, Iconogr. Crin. Suec, p. 15, PI. 1, fig. 5. — Upper 
Silurian. Gothland, Sweden. 
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CORRECTIONS. 



,♦» 



On p. 252 ( Ex. Ed., p. 30), 2d line from bottom, read : "whoUy or parity 
before the word "ventrally." 

On p. 268 (Ex. Ed., p. 46), 10th line from top, we stated that Prof. Zittel 
had been the next writer after Prof. Allman, who acknowledged the presence 
of orals in Haplocrinus, Coccocrinus, and the Cyathocrinidse ; we discovered 
however since that Dr. Carpenter already alludes to them in his paper of 
April, 1879, while Prof. Zittel' s Handbuch der Palaeontologie appeared in 
January, 1880. 

On p. 275 (Ex. Ed., p. 53), 9th line from top, read : u peristomeal area" 
in place of "tentacular vestibule." 

On p. 280 (Ex. Ed., p. 58), 2d line from bottom, after the word Allagecrinus 
insert the following: "in which the whole ventral side were constructed of 
actinal plates." 

On p. 281 (Ex. Ed., p. 59), 18th line from bottom, read : "the latter are 
rarely perforated" in place of "not perforated.' ' 

On p. 284 (Ex. Ed., p. 62), 16th line from bottom, in place of "and that 
these Crinoids possessed an orocentral nervous system like all other 
Echinoderms, except the Neocrinoidea, in which the nervous system, as 
now generally admitted, is connected with the chambered organ within the 
basal cavity," insert the following: "and that perhaps in these Crinoids, 
contrary to others, and to the Neocrinoidea generally, the entire nervous system 
was located at the oral side, in conformity with other Echinoderms." 

On p. 293 (Ex. Ed., p. 71), 4th line from bottom, in place of "were covered " 
read : "were succeeded." 

On p. 294 (Ex. Ed., p. 72), at the top of page, we expressed our surprise 
that Dr. P. H. Carpenter admitted calyx interradials in Apiocrinus roissyanus 
and not in A. Meriani, A. Rathieri and A. murchisonianus. On pp. 149-151, 
and also on p. 183 in the Challenger Report, and wherever Dr. Carpenter 
speaks of calyx interradials in Neocrinoidea, he refers to the genera 
Ouettardicrinus, Uintacrinus and to Apiocrinus roissyanus,. without men- 
tioning the three other well-known species, in which plates are distributed 
interradially likewise, and in a similar manner. All this led us to the 
conclusion that he regarded the plates of the latter species as wholly 
perisomic. Dr. Carpenter informed us since that he never held such view, 
and that he regards the plates in question in all four species as representing 
substantially the same thing. It must be further stated that Dr. Carpenter 
admits in A. roissyanus as calyx interradials the whole series of plates up 
to the top of the second radials, and not only the first plate, as we thought 
to infer from his figure on p. 150, and from his descriptions. We are 
pleased to make this correction, at the same time we are at a loss to know 
where the small plates commence to which the letter i alludes, and which, 
as stated by Carpenter himself (Challenger Rep., p. 150), "pass gradually 
upwards into those of the ventral side." 
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EXPLANATION OP THB PLATES. 

The following letter* are employed throughout all the plates. 

a = azygous plates. 
b = basals. 
br = brachials. 

e = column, and sections of the column. 
ed = centrodorsal. 
cr = compound radial. 
d = interaxillaries. 
e = covering plates (Saumplattchen). 
h = non-arm-bearing radials. f 

t = interradials (dorsally and vent rally). 
o = oral plate or plates. 
p — proximals. 

r = radials in the calyx and summit. 
r l = first radial. 
r 1 = second radial. 
t = plate of the ventral tube. 
u = underbasals. 
tap = water-pore. 
x = anal plates. 
xo = anal opening. 
xr*= posterior radials enclosed in the ring of proximals. 

/= interradially. 
IX = azygous interradius. 

The diagrams on Plate 6 are designed to show the position of basals 
and underbasals to the different parts of the column ; those of Plates 7 
and 8, to show the relation of the summit-plates with each other and with 
adjoining plates. 



EXPLANATION OP PLATE IV. 

Fig. 1. Cupressocrinus abbreviatus Goldfuss, showing the consolidated 

muscle-plates, the axial canals, arm openings, and the position of the 

anal aperture. 
Fio. 2. Ventral aspect of Cyathocrinui OiUH, The interradials crowned 

by tubercles, and resting against the incurved ends of the radials. 
Fio. 8. Similar view of another specimen, showing the interradials in the 

same position, but partly covered by perisomic plates, which connect 

with the outer edges of the incurved ends of the radials. 
Fio. 4. Impression of the ventral side of a specimen of Teleioerinus. The 

radiating ridges represent paired canals along the inner floor of the 

test. The original is in the collection of Mr. R. R. Rowley. 
Fio. 5. Ventral side of Dorycrinus MUsouriensU. The ambulacra! tubes 

are exposed only close to the arm-bases, disappearing toward the centre 

beneath the infiltrating material. 
Fig. 6. CyathocrinusmuUibrachiaUt*. Ventral surface showing the perisomic 

plates, portions of the interradials, and the summit plates, the latter in 

process of resorption. 
Fig. 7 a. A portion of an arm of the same species. Side plates and cover- 
ing pieces in position (enlarged). 
Fig. 7 6. A portion of the same specimen still more enlarged. 
Fig. 8. Portion of an arm of JSymbathocrinus dentatui, showing the ventral 

furrow- and its covering. 
Fig. 9. Ventral aspect of Symbathocrinus Worthent after removing the 

upper half of the first brachials. 
Fig. 10. Showing the inner floor of the summit plates in Symbathocrinus 

Wortheni. Seen from below, in a transverse section through the first 

brachials. 
Fig. 11. Cross section of arms and ventral tube at a point midway between 

the base and tips of the arms, from the same specimen* 
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EXPLANATION OP PLATE V. 

% 

Fig. 1. Haplocrinus mespMformis Goldfuss. Ventral aspect, showing the 

interradials and anal opening. 
Fig. 2. Posterior view of the same specimen. 
Fig. 8. Dibtal face of the bifurcating primary radial of Forbesioerinus 

nobilis, showing its two axial canals. 
Fig. 4. Proximal face of the same. 
Fig. 5. Lateral face of an interradial of the same species. 
Fig. 6. Ventral aspect of an internal cast of Batoerinus Chrxstyi. The 

dark places represent the pillars suspending the perisome, and the 

radial ridges the subtegminal ambulacral tubes. 
Fig. 7. Ventral aspect of Cyaihocrinu* iovensts. All summit plates bisected 

or partly resorbed. 
Fig. 8. Internal view of the central part of the vault, showing a portion ot 

the perisome, and the peristomeal area beneath the centre of the oral 

plate, whose sutures are visible in the deeply shaded portion. The 

figure does not show the specimen as far as the arm bases. 
Fig. 9. Ventral aspect of an internal cast of PlatycHnus. The interradials 

forming a continuous ring around the proximals, surmounting the 

covering plates, which emerge from beneath the vault close to the arm 

bases. 
Fig. 10. Belemnocrinu8 typvs "White. Side view of a perfect specimen, 

showing the porous ventral tube and the arrangement of arms and 

pinnules. 
Fig. 11. Belemnocrinus florifer W. & Sp. Side view of type specimen, 

showing the arrangement of arms and pinnules ; the ventral tube, and 

the position of the cirrhi. 
Fig. 12. Symbathocrinus Wachsmuthi M. & W. Ventral aspect, showing 

the arrangement of the summit pieces and the anal plate. 
Fig. 18. Side view of the same specimen, showing the proximals and 

the radial-dome-plates which alternate with small interradials and 

together with the former plates rest against the muscle-plates. 
Fig. 14. Side view of another specimen, showing the summit plates, inter- 
radials, portions of the arms and of the anal tube. 
Fig. 15. Oatillocrinus Wach*muthi M. & W. A nearly perfect specimen 

with arms, showing the small anterior and one of the large antero- 
lateral radials. 
Fig. 15 a. View of the broken upper end of the same specimen, giving a 

transverse section of arms and ventral tube. 
Fig. 16. Side view of another specimen, showing the dorsal side of the 

large plates composing the anal tube. 
Fig. 17. Underbasal disk of Agassizocrinus. Ventral view, showing the 

ramifying furrows toward the basals, and the six pits within the inner 

cavity. 
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EXPLANATION OP PLATE VI. 

A series of diagrams, showing the position of the lateral cirrhi, that of 
the axial canals and outer angles of the stem, in monocyclic and dicyclic 
Crinoids. For better comparison, the upper side is in all these figures 
interradial, and represents in most cases the azygous side. 

Fig. 1. Abactinal aspect of Xenoerinus. 

Fig. 2. Base of Reteocrinus. 

Fig. 8. Calyx plates of Talarocrinus. 

Fig. 4. Calyx plates of Atelestocrinus robustus. 

Fig. 5. Calyx plates of Tribrachiocrinui, 

Fig. 6. Base or Rhodocrinus. 

Fig. 7. Calyx plates of Carabocrinus. 

Fig. 8. Abactinal aspect of MillerocrinuB Milleri. After De Loriol. 

Fig. 9. Abactinal aspect of ZeacrinttB nodoBUB. 

Fig. 10. Inner view of the calyx of Millerocrinus Milleri, showing the posi- 
tion of the axial canals. After De Loriol. 

Fig. 11. Abactinal aspect of tie laivaof Anttdon rosacea, shortly before 
the detachment from the stem. After Dr. W. B. Carpenter. 

Fig. 12. Base of HeUrocrinuB and StenoerinuB, the column removed. 

Fig. 13. Basals of StenoerinuB, with a joint of the quinque-partite column. 

Fig. 14. Basal s of Htterocrinus, with a joint of the tri-partite column. 

Fig. 15. Basals of Barycrinus, with the joint of the qu nque-partite column* 

Fig. 16. Underlasals and first stem-joint of PoteriocrinuB. 

Fig. 17. Basals and first stem-joint of OlyptocrinuB. 

Fig. 18. Basals and the tri-partite upier part of the stem in ForbeBioerinuB, 
Onychocrinus and laxocrinuB. (The underbasals are coveied.) 

Fig. 19. Basals and column of ActinocrinuB, Batocrinus, etc. 

Fig. 20. Basals and colums of MegistocrinuB Evansii. 

Fig. 21. Basals and column of DolatocrinuB. 

Fig. 22. Basals of EucalyptocrinuB and MelocrinuB. 

Fig. 23. Inner aspect of the calyx of Ichthyocrinus burlingtonensis, show- 
ing the position of the small underbasal. 

Fig. 24. Basals of PentremiteB, showing the position of the smaller plate. 

Fig. 25. Basals of PlatyerinuB, showing the same thing. 

Fig. 26. Basals of Symbathoerinus, showing the same. 

Fig. 27. Column of PoteriocrinuB and CyathocrinuB Harrisi, with radial 
cirrhi. 

Fig. 28. Column of BeUmnocrinus florifer with interradial cirrhi. 

Fig. 29. Column of CupreBBoerinuB, showing the position of the peripheral 
canals 

Fig. 80. Column of Pentacrinus with radial cirrhi. 
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WACHSMUTH AND SPRINGER ON CRINOIOEA. 



EXPLANATION OF PLATE VII. 

These diagrams are designed to show the relation of the summit plates 
with each other, and with adjoining plates : — 

Fig. 1. Diagram of the plates in the early larva of Antedon rosacea. After 

Dr. P. H. Carpenter. 
Fig. 2. Summit plates of Dorycrinus mismsippiensis. 
Fig. 8. Ventral aspect of Eretmocrinus coroimtus. 
Fig. 4. Summit .plates of Amphoracrinus spinobrachiatus. 
Fig. 5. Ventral aspect of Platycrinus glyptus. 
Fig. 6. The same of Platycrinus subsjrtnosus. 
Fig. 7. The same of Platycrinus Halli. 
Fig. 8. The same of Pla'ycrinus tuberosus. 
Fig. 9. The same of Agaricocrinus Worthmi. 
Fig. 10. The same of a large specimen of Agaricocrinus americanus. The 

dorsal interradials are attached on three sides. 
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WJCHSMUTH AND SPRINGER ON CKINOIOB. 



EXPLANATION OF PLATE VIII. 

Fig. 1. Internal cast of Strotoerinua regalU, showing the impression of the 
radiating canals along the inner floor of the vault, and the presence of 
three summit radials between each proximal. 

Fig. 2. Internal cast of Actinocrinus multiradiatus, showing the same as 
fig. 1, however, with two summit radials anteriorly and three poste- 
riorly. (The pentapartite protuberance along the oral plate is too 
prominent in the figure). 

Fig. 3. Internal cast of a specimen of Teleiocrintts, showing the same as 
fig. 1. 

Fig. 4. Ventral aspect of Steganocrinus concinnuB. 

Fig. 5. Ventral aspect of MegUtocrinus Evansii. 

Fig. 6. Ventral aspect of PlutycrinuB burling ton entis. 

Fig. 7. Ventral aspect of AfarwpiocrinuB TcnnessecB. 

Fig. J Ventral aspect of Batocrinus subaqualis. 
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EXPLANATION OF PLATE IX. 

Pig. 1. Diagram of the calyx plates of Acrocrinus Wortheni. 

Fig. 2. Inteiior view of Qlyptocrinu* ramulosus. The specimen is broken 
in halves, exposing the inner surface of the test, and it shows the con- 
tinuity of the interradials from the dorsal to the vintral side, the pres- 
ence of galleries lo lgin^c the ambulacra, and the absence of covering 
pieces in the test ; also the apparent existence of a calcareous perisome, 
supported by pillars as in the Actinocrinidaj.— From a specimen in the 
Canada Sum y Museum. 

Fig. 3. 8idc view of Zeacrinus nodosum. 

Fio. 4. 8 de view of Atelestocrinus rob'/stus. 

Fig. 5. Do; sal aspect of CUiocrinus regius. After a drawing by Mr. Walter 
R. Billings from type specimen. Basals and underbasals indicated by 
dotted lines. 

Fig. 6. Side view of P'atycrinu$ burlingtonensi*. 

Fig. 7. Side view of Stemmatocrinus Traut*choldi. 

Fig. 8. Internal view of the same. S. F&20 for the attachment of the in- 
terradials. 
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REVISION OF THE PALiEOCRINOIDEA. 



Part III — Section II. 
Sujjokder ARTICULATA. 



The Articulata include the group formerly defined by us under 
the family name Ichthyocrinidre, with the addition of Crotalo- 
crinu8 and JEnallocrinus, which possess in a remarkable degree 
some of the most characteristic features of the group. We have 
elsewhere shown that our former definition of the structure of 
the ventral surface in the Iehthyocrinidre was faulty in the use of 
the word " soft," in which we did not have in mind the idea of 
membranous as opposed to calcareous, or of disk as opposed to 
vault, but simply employed the word to express more strongly the 
notion that the vault was not rigid. We maintain, however, that 
the outer test of the ventral side in this group was a continuous 
integument, composed of calcareous plates, united by ligament 
and not by a close suture, and that by reason of this structure and 
the articulation among the plates of the dorsal side it must have 
been pliant or flexible. The exact nature of this integument we 
do not know. The plates may have been arranged in various 
ways; they may even have been imbricated in some types — like 
the interambulacral plates in some Periechocrinidae, and even in 
some of the true Echini — these are points we may perhaps never 
be able to settle. That there was an inner integument roofed in 
and covered by the flexible vault we have mentioned, and that it 
contained the summit plates and " covering pieces " we know to 
be true in the Crotaloerinida?,and we think it altogether probable 
that the general plan of the ventral structure for the Articulata 
generally is expressed in that of Crotalocrinus. 

The effect of the patelloid plates, observed in Forbesiocrinus, 
in permitting mobility in the whole skeleton, has been heretofore 
mentioned. The suggestions we then made are confirmed by the 
discovery of the remarkable articulation not only among the 
radials themselves, but also between the radials and interradials 
(PL 6, figs, 3-5). This articulate structure, and the consequent 
mobility in the test, and flexibility of the vault, we consider 
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characteristic of the whole group, though it may vary in degree, 
and is probably far less perfect in some genera than in Forbesio- 
crinus and Onychocrinus. 

Zittel (Handb. d. Palaeont., i, p. 353-5-6), has separated the 
genera which belong to this suborder into three families, viz. : = 
Taxocrinidae, including : (A), Taxocrinus, Forbesiocrinus, Ony- 
chocrinus, Oissocrinus, Myelodactylm ; (B), Lecythocrinus (?), 
Dactylocrinus (Dimerocrinus Pictet); Ichthyocrinidae, includ- 
ing: Homalocrinus, Lecanocrinus, Clidochirus, Mespilocrinus, 
Iqhthyocrinus^ Anisocrinus and Pycnosaccus; Crotalocrinidae, 
including Grotalocrinus, Enallocrinus, Cleiocrinus. Angelin 
refers Taxocrinus, Forbesiocrinus, Oissocrinus and Myelodactylus 
to the Taxocrinidae ; Ichthyocrinus and Pycnosaccus to the Ich- 
thyocrinidae ; Crotalocrinus to the Crotalocrinidae and Enallo- 
crinus to the Enallocrinidae. 

The so-called genus Myelodactylus may be left out of consider- 
ation. It was founded upon columns only, and, if correctly 
identified by Angelin, which is improbable, it would not belong 
to the Articulata at all. A separation of the genera included by 
us in the Ichthyocrinidae into two families is desirable, but all 
attempts to define satisfactory characters for such families have 
so far failed. We have tried to arrange them according to Zittel's 
definition as well as various plans of our own, but without success, 
and we have come to the conclusion that the separation must be 
based upon characters as yet undetected. It is a remarkable and 
perplexing fact that in this whole group such characters as the 
presence or absence of interradials dorsally, the number of pri- 
mary radials, or the position of the anal or azygous plate, whether 
resting on the basals or not, seem to be of little value. 

Until some new light shall be obtained we see no other course 
than to leave the family Ichthyocrinidae as we have already 
defined it. 

Oissocrinus, which is placed by Angelin and Zittel among the 
Taxocrinidae on account of having three underbasals, belongs to 
the FiBtulata, and has been referred by us to the Cyathocrinidae, 
as have also Lecythocrinus an<J Dactylocrinus. In addition to 
the genera formerly included by us, we refer Cyrtidocrinus to 
the Ichthyocrinidae. 

Cleiocrinus was independently referred by Zittel to the Crota- 
locrinidae, and by us to the Ichthyocrinidae It differs from all 
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other Articulata in the position of the interradials and may prove 
to be the type of a distinct family. 

F. Roemer established the family Anthocrinidse to receive 
AnthocHnuB and Crotalocrinus, and Pictet, as Dujardin and 
Hup£, recognized the family Anthocrinidae, but referred to it only 
Anthocrinm. As Anthocrinus proves to be a synonym, the 
family name will fall with it, and we shall distinguish the family 
as Crotalocrinidae, and follow Zittel in referring to it Crotalo- 
crinus, Enallocrinus^ but not Cleiocrinus. 

The Crotalocrinidae are distinguished by the possession of. a 
ventral tube or anal appendage, located ventrally near the per- 
iphery. In Crotalocrinu8 it consists of a tube composed of eight 
vertical rows of heavy quadrangular pieces. In Enallocrinus its 
form is unknown. The family differs from the Ichthyocrinidae 
in a similar way as Platycrinidae from Actinocrinidae in that the 
higher radials are imperfectly developed. 

The Articulata, therefore, fall into two families, which are 
defined as follows : 

A. IohthyocriniDjE. Base dicyclic. Underbasals unequal, 
proportionally very small, rarely visible externally. Basals gene- 
rally small. Dorsal cup chiefly built up of radial plates of differ- 
ent orders, abutting laterally against each other or separated by 
interradials. Number of radials variable in genera, species and 
individuals. Radial and arm plates decreasing in size in the suc- 
cessive orders, each division being about half as wide as the 
preceding one, and of uniform size in corresponding divisions of 
the ray, but the plates of adjacent rays generally alternate with 
each other. The line of articulation between radials and arm 
plates is frequently undulating, and there are sometimes additional 
patelloid pieces. Arms uniserial, bifurcating, generally touching 
laterally so as to form a wall continuous with the calyx. Arm 
plates with straight sides and very deep ambulacral grooves. 
Pinnules apparently wanting. 

Interradial system chiefly developed on the ventral side. Spe- 
cial anal plate sometimes resting on the basals, sometimes upon 
the radials, and sometimes wanting dorsally. Anus unknown in 
most of the genera. The radials are united longitudinally by 
articulation, laterally by ligament, the interradials among each 
other and with the radials by a loose suture, admitting of motion 
and producting flexibility in the calyx and vault. 
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B. Crotalocrinidjs. Base dicyclic. Underbasals unequal, 
smalL Basals generally large. Radial 8 so far as known, 2X5. 
Arms uniserial, with numerous branches, spreading broadly. The 
branches of each ray partly or completely connected by lateral 
projections or direct union. When completely connected, they 
form reticulated leaves overlapping when folded. Pinnules 
wanting. Ambulacral furrow deep, ramifying with the arm 
branches, covered by alternating plates and bordered by side 
pieces. The first anal plate rests on the basals ; it is followed by 
others which form the base of a ventral tube. Interradials 
numerous, covering the entire ventral surface, but not more than 
one or two — sometimes none — are exposed dorsally. Calyx roofed 
over by a pliant integument of irregular plates, extending over 
the arm bases, and enclosing the summit plates and covering 
pieces of the disk. Ventral tube lateral. 

Family XI.— ICHTHYOCEINIDJE W. and Spr. 

We are of the opinion that some of the genera described by 
Angelin are founded upon characters of specific value only, but 
as the original specimens are unique and inaccessible to us, we 
cannot, at present, undertake to review them. 

ICHTHYOCRINUS Conrad, Rev. i, p. 33. 

No new species of Ichthyocrinus have been described since our 
first list, in which, however, we omitted to notice Ichthyocrinus 
arthrilicus (d'Orbigny), mentioned in Prodr. i, p. 46, which is a 
Qissocrinus, and also Ichthyocrinus capillaris and J. goniodac- 
tylus (d'Orbigny), which Phillips had correctly referred to 
Cyathocrinus. 

HOMALOCRINUS Angl., Rev. i, p. 35. 

ANISOCRINUS Angl., Rev. i, p. 37. 

CALPI0CBINTJ8 Angl., Rev. i, p. 38. 

LECAH0CBIHU8 Hall, Rev. i, p. 39. 

1882. L. Soyei Oehlert. Bull. Soo. G6ol. de France (scr. 3), vol. x, p. 354, PI. 8, fig. 2. 
— Lower Devonian. Near Sabrl, France. 
Leoanoorimns elegans Billings, see Taxocrinus elegans Billings; Leoano- 
erinus tori*, Taxocrinus l»vis. 
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CYBTIB0CBIHU8 Angl., Rev. i, p. 145. 

CyrtidocrinuB was placed by us among the " imperfectly known 
genera," but should be referred to the Ichthyocrinidae, as it is 
closely allied to Lecanocrinus, from which it differs only in having 
four in place of three underbasals. Like that genus it has a small, 
quadrangular azygous piece, placed obtusely against the posterior 
basal, and between it and the right postero-lateral radial. The 
upper radials are extremely narrow. 

The only known species is Oyrtidocrinus fascietatus Angelin. 

PYCH08ACCUS Angl., Rev. i, p. 41. 

ME8FIL0CBIKTJ8 De Eon and Leh., Rev. i, p. 41. 

TAXOGBimJS Phill., Rev. i, p. 43. 

Additional species : — 

♦1884. Taxoorinns Beyriohi (Dewalqne MS.) Fraipont, Zoaorinns Beyriohi; Extr. 
des Ann. de la Soo. G6ol. de Belg., Tome xi, p. 112, PI. 1, fig. 5. — Dot. supe- 
rieur. Senseille, France. 
1882. T. ourtm Williams, Proc. Acad. Nat. Sci. Phi!a., p. 30.— Portage group. 
Ithaca, N. Y. 
♦1856. T. elegant (Billings), Lecanocrinus elegans Rep. geol. Suit. Canada, p. 278; 
also 1859, Decade iv, p. 47, pi. 4, fig. 4 a 6. — Trenton limest. City of Ottawa, 
Can. We consider this species, and also Leoanoorinns leevis E. Billings, to 
be Taxoorinns. They evidently possess no azygous plate, as they should 
have if they belonged to Lecanocrinus. 
Taxoorinns Egertoni (Poteriocrinus Egertoni Phill. — Cladoorinns Eger- 
toni Aust.), Rev. i, p. 48, is probably an Onyohoorinns having 6-7 radials. 
1882. Taxoor. Fletoheri, Bull, i, Illinois St. Mus. Nat. Hist., p. 31 ; also Geol. Rep. 

Illinois vii, p. 308, PI. 30, fig. 2.— Kinderhook gr. Marshall Co., Iowa. 
1882. T. ithacensis Williams, Proc. Acad. Nat. Sci. Phila., p. 29, PI. 1, fig. 10.— 
Portage gr. Ithaca, N. Y. 
♦1866. T. l»vis (E. Billings), Leoanoorinus lee vis, Rep. Geol. Surv. Canada, p. 278; 
also 1859, Decade iv, p. 47, PI. 4, fig. 3 a. — Trenton limestone. City of 
Ottawa, Can. 
♦1836. T. nobilis (Phill.), Poterioorinus nobilis Geol. Yorkshire, p. 205, PI. 3, fig. 
40. — This speoies has been regarded by some authorities as identical with 
Forbesiocrinus nobilis De Kon. and Lehon; but is in our opinion not 
only specifically distinct, but in all probability a Taxoorinns. — Mountain 
limest. Bolland, Engl. 
1852. T. oligoptylus (Pacht.). — Dimeroorinns oligoptylus Bcitr., s. Kenntniss der 
Gattung Dimeroorinns, St. Petersburg, p. 8, with 3 plates. — Devonian. 
Costijitsi, Russia. 
Syn. Dimeroorinns ap tills Pacht. 

N. B. — Taxocrinus priscus (Schnur.) Steinninger, 1853, Geogr. 
Beschr. d. Eifel, p. 37, is not sufficiently defined for identification. 
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GHORIM OCRINUQ W. and Sp., Rev. i, p. 50. 
F0BBE8I0CBIKTJS De Koninck, Rev. i, p. 51. 

Additional species : — 

1859. Forbesioorimu 8affordi Hall, Suppl. Qeol. Rep. Iowa, p. 87. — Keokuk lime- 
stone. White's Creek, Tenn. 

1879. F. parvus Wetherby, Jour. Cincin. Soo. Nat. Hist. (October number), p. 5, PI. 
11, figs. 4 a b. — Kaskaskia gr. Pulaski county, Ky. 

N. B. — Forbe8iocrinu8 Whitfieldi Hall, which has been referred 
to the genus Taxocrinus, according to Meek and Worthen (Qeol. 
Rep. Illinois, vol. v, p. 553), came from the Kaskaskia group, of 
Randolph Co., 111., and not from the Keokuk limestone, as 
stated by Hall. It also occurs at that horizon in Pulaski 
Co., Ky. 

LITHOCRIHU8 W. and Sp., Rev. i, p. 52. - 

OKYCHOCRIHU8 W. and Sp., Rev. i, p. 53. 

1882. Onyehoorinus distensus Worthen, Bull. 111. St. Mus. Nat. Hist , p. 31, also 
Geol. Rep. 111., vii, p. 307, PI. 29, fig. 5.— Kaskaski gr. Monroe Co., 111. 
(We are unable to distinguish this specimen from 0. cxtculptut Lyon and 
Cass.) 

NIPTEROCRINUS Wachsm., Rev. i, p. 55. 

Zittel (Handb. der Pal., p. 352) refers this genus to the Cyatho- 
crinidse, probably on account of its three small underbasals. 
The presence of interradials clearly removes it from that family, 
and its waving sutures leave no doubt that it was properly 
placed by us among the Ichthyocrinidse. 

, Family XII.— CHOTALOCRINIDJE. 

CROTALOCRINU8 Austin. 

1843. Austin, Ann. and Mag. Nat. Hist., Ser. I, vol. xi, p. 198. 
1848. Morris, Cat Brit. Foss., Ed. 1, p. 50. 

1854. Salter, apud Murchison, Siluria, Ed. 2, p. 219. 

1855. McCoy, Brit. Pal. Foss., p. 55. 
1878. Salter, Cat. Mus. Cambr., p. 123. 

1878. Angelin, Icon. Crin. Suec, p. 26. 

1879. Zittel, Handb. d. Pal., i, p. 856. 

1882. De Loriol, Pal. d. France, tome 11, Crin., p. 51. 

Syn. AntJiocrinus, 1853, Muller, Abhandl. Aka. Berlin, p. 192 ; 
1857. PictetTraite de Pal., iv, p. 812 ; 1862. Dujardin and Hup£, 
Hist. Nat Zooph. Echin., p. 117; 1855. Quenstedt, Handb. d. 
Petref., iv, p. 943. 
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Crotalocrinus was established by Austin in 1843 (Ann. and 
Mag. Nat. Hist., p. 198), for the reception of a single species, 
which was described by J. S. Miller, in 1821, as Cyathocrinus 
rugosus, from a calyx without the arms. He had previously 
used the name Grotalocrinites rugosus (1842, Ann. and Mag., 
vol. x, p. 109), in his list of the class Pinnastella, &nd he referred 
it to the Marsupiocrinoidea. His original definition of the genus 
is as follows : 

" Dorsocentral plates, 5 ; first series of perisomic plates, 5 ; 
second series, 5. On the latter are a series of wedge-shaped 
plates, which bear the rays ; the exact number of these plates is 
unascertained. Column with a pentapetalous perforation." 

" C. rugosus. The plates surrounding the body agree with the 
generic characters. Rays numerous, probably amounting to one 
hundred. Column composed of thin joints, articulating into 
each other by radiating striae. The columnar canal is penta- 
petalous. The rays are remarkably small in proportion to the 
size of the animal." 

McCoy, in 1854 (Brit. Pal. Foss., p. 54), redescribed the genus, 
but gave little additional information regarding it He men- 
tions the presence of an interradial plate in the " second peri- 
somic row," and says that above, and alternating with the 
primary radials, are five large pentagonal secondary radials 
(scapulae), completing the cup, on each of which rests a series of 
small pentagonal plates, supporting for the width of each plate 
a large number (? 15 or 16) of very slender long rays. Accord- 
ing to McCoy, the genus " differs from Cyathocrinus in the vast 
number of its rays." 

Hisinger (Leth. Suec. Supp., II, p. 6) described under the name 
Cyathocrinus pulcher a specimen without arms which afterwards 
proved to be of this genus. 

Johannes Miiller was the first to call attention to the remark- 
able characters of this type exhibited in the brachial parts. In 
1853 (Abh. Ak. Wiss. Berlin, p. 187, et seq.), he described, under 
the head of u Crinoiden mit netzftjrmigen Handen," some speci- 
mens from Gothland in which the arm structure was well shown. 
He says he could not identify Hisinger's species because his 
figure was too imperfect, although he thinks it may have belonged 
to the same group. He also says that a specimen with arms and 
branches somewhat resembling the net-form had been obtained 
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from Dudley, which he acknowledges to be Gyalhocrinus rugosus 
Miller, but he expresses the opinion that the arms in the English 
form are not laterally connected and that it must have had more 
than five arms. Regarding, therefore, the English form as de- 
scribed by Miller, Austin and McCoy as distinct from the Goth- 
land form with reticulated arms, Miiller proposed for the latter 
the genus Anthocrinus, of which there was but a single species, 
A. LovSni. 

Angelin (Icon. Crin. Suec, p. 26), with the whole of the excel- 
lent material from Gothland before him, finds that Anthocrinus 
Loveni is a synonj'm of Hisinger's Cyathocrinus pulcher, and 
that it belongs, along with C. rugosus, to Austin's genus Grotalo- 
crinvSj of which he also describes and figures a third species, C. 
superbus. According to his definition of the genus, there are 
five arms, connected at their bases by branches and pinnules, and 
the pinnules, reticulately connected by narrow transverse joints, 
form a broad plicated net. This reticulate structure, by which 
all the ramifications of each ray throughout their entire length 
are united into a net-work, seems to be the principal distinction 
between this genus and the closely allied Enallocrinus, in which 
the arm branches are transversely connected for a short distance 
near the base, but are free for the greater part of their length. 
Angelin uses the word " pinnules " carelessly, and it is evident 
that in this case it means simply the ultimate divisions of the 
arms. The character intended to be described by Angelin is 
much better stated by Zittel (Handb. d. Pal., i, p. 356), and Jo- 
hannes Miiller (1853, Berl. Akad., pp. 187-192). 

Generic Diagnosis. — The calyx is constructed very similar to 
that of the Cyathocrinidse. Its form is subglobose ; its sym- 
metry bilateral. With arms closed, the Crinoid resembles an 
elongated bud with folded leaves. With outspread arms its 
figure is that of a flattened disk with five deep, narrow, lanceolate 
areas, which separate the rays. 

Base dicyclic. Underbasals 5, small, pentangular. Basals 5, 
large, hexagonal and octagonal. Primary radials 2X5 ; the first 
wider than high, excavated in the middle of the distal face for 
the reception of a very small trigonal, bifurcating second radial, 
upon which the arms originate and bifurcate in much the same 
manner as in Marsupiocrinus. The lateral margins of the first 
radials are very deeply incurved, extending between the arm 
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bases until they meet the tegminal plates on the ventral side. 
The arms divide into numerous branches, which are connected 
throughout their entire length, in such a way that the brachial 
apparatus of the whole animal is included in five broad, net-like 
leaves with in rolled edges, which when closed overlap each other. 
These leaf-like arms are separated by very prominent, deep peta- 
loid areas, whose margins are formed by the deeply incurved 
lateral faces of the peripheral arm joints, and the radials which 
arc enormously thickened. When spread out, these connected 
rays would be free from contact with one another, and would 
resemble the outstretched leaves of a pentapetaloid flower, but 
folded together they overlap just as the closed leaves of a bud or 
flower. The arm joints are disposed in regular dichotomizing 
longitudinal rows, and also in regularly concentric transverse 
rows, the alternate arrangement of joints of adjacent branches 
being absent here. The arm branches are transversely com- 
pressed and flattened, very deep in proportion to their width, 
meeting throughout their entire length by their lateral surfaces. 
Upon the dorsal side, the branches are laterally connected by 
points of attachment projecting from the middle of each point, or 
by direct contact of the sides of the joint, in such a way as to 
produce a reticulated structure composed of numerous small 
meshes. The projection of the points of attachment from the 
middle of the joints gives them the appearance, when seen from 
the dorsal side, of a cross with short arms, and the network ap- 
pears to have regular cross-shaped meshes. At the lower part of 
the arms the joints are not cross-shaped, but meet directly by 
their sides, and the reticulate appearance is not so marked as 
higher up. The whole structure of these leaf-like rays is adapted 
to the greatest flexibility in all directions, and we think it prob- 
able that the meshes of the network were occupied by elastic 
connective substance of some kind. The joints are flat on the 
dorsal side ; near the calyx they are extremely thick from the 
dorsal to the ventral side, the thickest being those which rest 
upon the radials, and they decrease rapidly toward the extremities 
of the rays. The articular faces at the ends of the joints are 
provided with an axial canal. Along the ventral side the joints 
are deeply excavated for the ambulacral furrow, which ramifies 
with the arm branches throughout their length. The furrow is 
lined at each side by a row of small side pieces, three to four to 



73 149 

each arm joint, which inclose in the middle two rows of covering 
plates, alternately arranged, of equal number with the side pieces. 

The dorsal cup is roofed over and covered by an integument of 
comparatively heavy interradial plates of irregular arrangement, 
which extend out some distance over the rays and enclose the 
bases of the arms, but in no sense constitute or include covering 
plates of the arms, as Angelin's figure (PL xxv, fig. 15) clearly 
shows. The plates at the margin of this integument meet and 
connect with the incurved edges of the radials and peripheral 
row of arm joints, which are proportionally much thicker than 
those of other parts of the ray. The arms, with their covering 
plates, which are laterally connected without the interposition of 
interradials or interaxillaries, emerge from underneath this 
integument, which must have been pliant to admit of the varieties 
of positions assumed. Also the summit plates— oral and proxi- 
mate — must have been located beneath this integument, or we 
could not understand their position and relation to the covering 
pieces which are represented by Angelin's figure on PL xvii, fig. 
3 a. Only occasionally the first interradial is visible dorsally ; 
the dorsal cup, however, includes always a comparatively large 
subquadrangular anal plate, which rests between the radials and 
upon a hexagonal basal. This supports a very long, tapering, 
lateral ventral tube, which rises between the arms. It is com- 
posed of vertical rows of short, transverse pieces, and its walls 
are pierced by numerous pores. 

The calyx plates appear to be united by syzygy, in part at 
least, and the lines of junction are marked by pits and clefts 
which penetrate deeply into the walls, as shown, in fig. 4, PL viii, 
of Angelin. 

Column heavy, round, composed of thin joints, whose articular 
faces are traversed by small radiating canals, which form pores 
on the external surface. Axial canal large, pentangular. 

Oeological Position, etc. — Upper Silurian of Gothland and 
England. 

These species have been described : 

1821. Crotalocrinus rugosus Miller, Cyathocrinus rugosus Nat Hist. Crin., p. 
89, pts. 1 A — 4 B.— 1808. Parkinson, Turban or Shropshire Enorinite, 
Org. Rem., Vol. ii, p. 193, PI. 15, figs. 4, 5. — 1837. Hisinger, Cyathocrinus 
rugosus, Leth. Suec., p. 89, Tab. xxv, fig. 3a; also Antekni, Heft iv, p. 217, 
Tab. vii, fig. 3.— 1839. Phillips, Cyathocrinus rugosus Phillips, apud 
Murohison's Sil. Syst., p. 672, Tab. 18, fig. 1.— 1843. Austin, Ann. and Mag. 

2 



150 M 



• 



Nat. Hist, Ser. 1, Vol. xi, p. 198.— 1843. Morris, Cat. Brit. Foss., Ed. 1, p. 

50. — 1850. D'Orbigny, Cyathoorinus rngosus, Prodr. d. Pal., Vol. i, p. 46. 

—1864. Salter, apud Murchison, Siluria, Ed. 2, p. 219, figs. 4-7, Tab. 13, 

fig. 3.— 1855. McCoy, Br. Pal. Foss., p. 55.— 1873. Salter, Cat. Mus. Cambr., 

p. 123. — 1878. Angelin, loon. Crin. Suec., p. 26, Tab. vii, fig. 4 ; Tab. xvii, 

figs. 3, 3 a- 6, 8, 8 a.— 1879. Zittel, Handb. d. Pal., i, p. 357, fig. 244.— 1885. 

Quenstedt, Handb. d. Petref., iv, 942, Tab. 75, figs. 2, 3. — Upper Silurian. 

Gothland, Sweden, and Dudley, England. 
1840. C. pnlcher Hisinger, Cyathoorinus pnlcher, Leth. Suec. Sapp. ii, p. 6, Tab. 

xxxix, figs. 5 a, b. — 1878. Angelin, loon. Crin. Suec, p. 26, Tab. vii, figs. 

5-7, 7a-b; Tab. viii, figs. 1-9 a; Tab. xvii, figs. 1, la-d; Tab. xxv, figs. 

8-20.— 1879. Zittel, Handb. d. Pal., i, p. 357, figs. 2, 4. 4 a-d. Syn., 

Anthoorinus Loveni Job. M filler, 1853, Abh. d. Berl. Akad., p. 192, Tab. 

yiii, figs. 1-11.— Pictet, 1857, Tr. d. Pal., iv, p. 312, PI. c, fig. 8.— Dujardin 

k Hup6, Hist. Nat. Zooph. Eohin., p. 117. — Qaenstedt, 1885, Handb. d. 

Petref., iv, p. 943, Tab. 75, figs. 4, 5 ; Petref. Deutschl., iv, p. 508, Tab. 108, 

fig. 13. — Upper Silurian. Gothland, Sweden. 
1878. C. superbus Angelin, loon. Crin. Suec., p. 26, Tab. xvii, figs. 2, 2 a-b. — Upper 

Silurian. Gothland, Sweden. 

ENALLOCBINU8 d'Orbigny. 

1850. D'Orbigny, Prodr. de Pal., Vol. i, p. 46 ; Coure Elem., ii, p. 142, 

1854. Baiter, apud Murchison, Siluria. Ed. 2, p. 218. 

1857. Pictet, Traite de Pal., iv, p. 320. 

1862. Dujardin and Hupe\ Ilist. Nat. Zooph. Echin., p. 134. 

1878. Angelin, Icon. Crin. Suec., p. 25. 

1879. Zittel, Handb. d. Pal., i, p. 856. 

Syn., Apiocrinitts (Hisinger) in part ; Millericrinus (d'Orbigny) in part. 

In 1850 d'Orbigny established this genus to receive two 
species, which had been noticed and figured by Hisinger as 
Apiocrinu8 scriptus and A. punctatus. Only the calyx was then 
known, and the generic definition simply stated that this was 
composed of five depressed basals, five large " subradials " and 
five "brachials." He placed the genus in the family Melocrinidse, 
while Pictet, and also Dujardin and Hup£, referred it to the 
Cyathocrinidae. Angelin makes it a distinct family, and Zittel 
considers it as belonging to the Crotalocrinidse. It is clearly 
separated from the Inadunata by the fact that its radial divisions 
are connected either by direct union or by interradial plates 
between the secondary radials. Although Angelin, in his defini- 
tion of the genus (Icon. Crin. Suec, p. 25), states " interradialia 
nulla," his figures demonstrate their undoubted presence both on 
the dorsal and ventral side (PI. xv, figs, la, 3a; PI. xxv, figs. 4, 4a). 
It appears from these illustrations that in some cases the corres- 
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ponding radials of adjacent rays meet again above the inter- 
radials, just as in some species of Ichthyacrinus and Batocrinus. 

The genus differs from Crotalocrinus, its nearest ally, in the 
absence of the reticulate arm structure, although there is a 
lateral connection between the Arm branches for some distance 
above their bases ; also in the alternate arrangement of adjacent 
rows of arm joints. The construction of the ventral covering is 
apparently the same in both forms. There is, however, a differ- 
ence in the mode of union of the calyx plates, the lines of 
junction in Enallocrinus, showing strong indications of an artic- 
ulation, as we judge from Angelinas figs. 1, 4, and 4 a, of PI. xxv. 
Angelin united the two types of Hisinger under his first species 
E. scripts, and described one new species. 

Generic Diagnosis. — The calyx differs but little from that of 
CrotalocrinuSj and when the arms are spread this produces a 
similar discoid figure, and lanceolate areas similar to those of 
that genus. The calyx is depressed, broadly expanding, com- 
posed of thick plates with deeply beveled sutures, indicating a 
union by articulation. Base dicyclic ; symmetry bilateral ; under- 
baBals 5, depressed, linear; basals 5, large, hexagonal, angular 
above, except on the anal side ; radials 2X5, the first one wide, 
with its distal face occupied by a deep lunate excavation, which 
is filled by the second radial and the two first arm joints. Lateral 
faces of first radials deeply incurved between the arm bases, and 
meeting tegminal plates on the ventral side. Second radial 
trigonal or pentagonal, and on its superior sloping margins the 
arms bifurcate as in Marsupiocrinus. The first arm-joint small, 
linear, sometimes coalesced with the second ; the second small, 
axillary; arms broad, thick, composed of* short uniserial joints, 
dichotomizing frequently. The branches are laterally connected 
near their bases, but throughout the greater portion of their 
length are free. Arm joints alternating with those of adjacent 
rows. As in Crotalocrinus, the outer sides of the peripheral rows 
of the rays are the thickest, and the deep inward curvature of 
their exterior lateral faces leaves similar large petaloid or lanceo- 
late areas. The exterior ventral margins of the incurved radials 
of the first and higher orders, and some of the lower arm joints, 
connect with the plates of the ventral covering, which is of a 
similar nature as that of Grotalocrinus. Ambulacral furrow deep, 
dichotomizing with the arm branches, bordered by two rows of 
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small alternating side pieces, and covered along the median line 
by two rows of saumplattchen. 

Anal plate one, in line with first radials. Of the numerous 
interradials only one or two are exposed dorsally, and these are 
succeeded ventrally by an indefinite number of other vault plates. 
Yentral tube lateral, its construction unknown. Column strong, 
round, with short joints; axial canal large, round or obtusely 
pentangular. 

Geological Position, etc. — Upper Silurian; known only from 
Gothland, Sweden. 

Two species have been recognized : 

1828. Enalloorinus scriptus Hisinger (Cyathoorinites?), Anteckn iv, p. 217; Tab. 
v, fig. 9; Tab. vii, fig. 1. — 1831. (Apioorinites (?) scriptus), Anteckn v, p. 
123, Esquisse d. tab. petrif. d. Swede, p. 23.— 1837. Leth. Suec., p. 89, Tab. 
xxv, figs. 1 and 2. — D'Orbigny, 1840 (Milleriorinus scriptns), Hist. Nat. 
Crin., p. 94, PI. xvi, fig. 29.— 1850. Prodr. d. Pal. i, p. 46.— Angelin, 1878, Icon. 
Crin. Suec,, p. 25, Tab. vii, figs. 1-3 a; Tab. ix, figs. 18 and 19; Tab. xxv, 
figs. 1-7 ; Tab. xxvii, figs. 17-20 a. — Upper Silurian. Gothland, Sweden. 
Syn. — Enalloorinus punctatus Hisinger, Leth. Suec., p. 89. — Hilleriorinui 
punctatus d'Orbigny, Hist. Nat. Crin., p. 94, PI. xvi, fig. 30. — Enalloorinus 
punctatus Salter, apud Murchison, Siluria, Ed. 2, p. 218. — Anthoorinui 
scriptus and A. punctatus, Quenstedt, Handb. d. Petref. iv, p. 944, Tab. 
75, figs. 6, 7. 

1878. E. assulosus Angelin, Icon. Crin. Suec, p. 26, Tab. xv, figs. 1-4. — Upper 

Silurian. Gothland, Sweden. 

CLEIOCEINUS Billings. 

1856. Geol. Surv. Canada, p. 276. 
1859. Ibid, Decade IV, p. 52. 

1879. Wachsm. and Spr., Rev. i, p. 85. 
1879. Zittel, Handb. d. Pal., i. 357. 

Cleiocrinu8 in its general habitus has close affinities with the 
Ichthyocrinidee and Crotalocrinidae, and this has induced us to 
place it provisionally with the Articulata, without assigning it to 
any special family, although it differs in two important points. 
GleiocrinuSj contrary to all other Articulata, has an interradial 
in lateral contact with the first radials, forming a ring with them, 
and the plates of the calyx apparently were not articulated in a 
strict sense. Zittel has referred the genus to the Crotalocrinidm, 
while we placed it in Part I with the Ichthyocrinidee. If certain 
parts were better known, we should make it the type of a new 
family, but at present, having no positive knowledge of the 
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basal regions, nor even of the arms, we are not in a position to 
give a satisfactory definition of the group. 

In order to obtain some additional information, we applied to 
our Mend, Walter R. Billings, who, with his usual kindness, has 
furnished us the diagrammatic sketch of the type-specimen, 
which is reproduced on Plate 9, fig. 5. The suture lines of all 
plates above the primary radials, vertically and horizontally, are 
provided with a kind of minute pores ; which, it seems to us, 
indicates a union by syzygy, and not by articulation, and that 
the arm structure was altogether different from that of the other 
Articulata. Mr. Billings informs us that "the plates are all 
joined together, but where the strain in crushing has acted upon 
the specimen, the cracks or gaping sutures are preferably on the 
lines of the grand divisions, i. e., the lines dividing the arms 
from one another and from the anal serie8. ,, This parting of the 
plates, however, does not indicate necessarily a leaf-like struc- 
ture of the rays, as in the case of Crotalocrinus, for all plates 
united by syzygy, as a rule, come easily apart. 

Mr. Billings informs us that the ridges of the column are inter- 
radial in position, which confirms the supposition made by us 
(Part I, p. 36), that Cleiocrinus possesses underbasals, and that 
the so-called basals of E. Billings are inter radials. He also states 
that the lowest visible circlet of plates u apparently overlaps the 
column, instead of passing under it," which shows that the base 
must have been concave, with ample space for the basals and 
underbasals to lie concealed from view. We have indicated the 
basals and underbasals in the diagram by dotted lines. 

It will be useful to give an amended — 

General Diagnosis. — General form obconical ; with bilateral 
symmetry. Base dicyclic. Underbasals probably 3, minute or 
rudimentary. Basals probably 5, small and hidden by the 
column. Primary radials 3X5, increasing in width upwards, 
supporting several superior orders of radials, dichotomizing 
frequently and uniformly, and interlocking with those of 
adjoining rows. 

The rays and their divisions are laterally connected, without 
the intervention of interradial plates, except at the anal side 
and along the first primary radials. The first radials are much 
smaller than the succeeding ones, and separated from one another 
by a comparatively large pentangular interradial. The inter- 
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radial of the posterior side is quadrangular, and supports a longi- 
tudinal row of anal plates, which extend to the full length of the 
calyx, and in their form closely resemble the radials. Arms 
apparently recumbent. Column more or less obtusely pen- 
tagonal ; axial canal large. 

Geological Position, etc. — Lower Silurian, Canada. No addi- 
tional species have been described. 



Suborder INADUNATA. 
a. Branch, Larviformia. 

The Larviformia comprise the families : Haplocrinidae, Sym- 
bathocrinidasy Cupressocrinidm and Oosterocomidas. 

The Haplocrinidae are the simplest brachiate Crinoids and 
may be regarded as representing the larva, not only of the 
Inadunata but of the Palseocrinoidea generally. Even the most 
complicated Platycrinoid or Actinocrinoid must have passed in 
its early life a stage in which radials and interradials consisted of 
but a single ring of plates when we think the interradials covered 
the entire ventral surface. This stage is probably represented by 
the young Allagecrinus. In Haplocrinus the conditions are essen- 
tially the same, but here the interradials already began partly to 
open out, and the oral plate made its appearance upon the surface. 
It is very possible that also the growing Allagecrinus before 
reaching maturity attained this condition, or perhaps even the 
condition of Synibathocrinus, but in default of any such evidence, 
we refer the genus for the present to the Haplocrinidae. 

The Haplocrinidae are very closely allied to the Symbatho- 
crinidae, and it is a question with us, whether it would not be 
better to unite them under one family. Both are built essentially 
on the same plan, but the Symbathocrinidae — at least their 
typical genus — had proximals, and, as a rule, a somewhat higher 
developed mode of articulation. The articular facet in the 
Symbathocrinidse forms a straight horizontal line, it is extended 
into a large muscle-plate, and this covers the greater part of the 
ventral cavity, leaving only a small median space, which is covered 
either by the interradials and an oral plate as probably in Piso- 
crinue, or by interradials and a full set of summit plates as in 
the case of SymbathocrinuB. In the Haplocrinidae the inter- 
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radiate ] are comparatively large, and rest upon the upper face of 
the main part of the radials ; in Symbaihocrxnus small, placed 
against the distal ends of their limbs, and separated by radial 
dome plates. In the Haplocrinidse the anal opening penetrates 
one of the interradials, and also probably in Pisocrinus, Stor- 
thingocrinus and Stylocrinus; in Symbathocrinus and Phimo- 
crinus it is placed along the suture of two adjacent muscle-plates. 
This position of the anal opening between the muscle-plates is a 
peculiarity found exclusively among the Larviformia ; we meet 
with it again in Cupressocrinidse, and in a somewhat different 
form among Gasterocomidce. 

The Cupressocrinidse and Gasterocomidse are dicyclic Crinoids, 
containing within their basal ring an undivided plate in form of 
a disk. The disk is pierced by several large openings, a central 
one which represents the axial canal, and by four (exceptionally 
three or five) peripheral ones, which are continued to the whole 
length of the column. The other two families have only a central 
opening, which is small. Dr. P. H. Carpenter, whom we consulted 
as to the functions of these openings, thinks it " very probable 
that the peripheral ones represent downward extensions of the 
body cavity in which water circulated ; while there was an exha- 
lant or outgoing current through the interradial (so-called anal) 
opening with which the intestine was related, so that faecal matter 
could be carried away from the creature, very much as it is by the 
circulation through the dorsal and ventral siphons of a Solen or 
Mya.» 

The specimens for which Hall (1862, 15th Rep. N. Y. St. Cab. 
Nat. Hist.) proposed the name Ancyrocrinus are evidently 
crinoidal stems with four peripheral canals, and as such may 
belong to Myrthillocrinw or some other genus of this family. 
There are at the lower end four lateral appendages, which in our 

1 If the five ventral plates in Haplocrinu* and the allied Allagecrinu* 
were orals, as Dr. P. H. Carpenter suggests, it would follow that these 
two genera exceptionally had no interradials, and vary on this point from 
all other Palseocrinoidea. To this we had reference on p. 72, but in place 
of stating, as we intended, " Carpenter denies the interradials to be present 
alwayt inPatoocrinoids," we made the erroneous statement: "C. denies 
that interradials are present as a rule in Palaeozoic Crinoids." The correc- 
tion was made throughout our own edition, but we discovered the error 
too late to rectify it in the Proceedings of the Philadelphia Academy. 
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opinion are a kind of radicular cirrhi. In a specimen from the 
Canada Survey Museum of Ottawa we found the lower face of 
the stem covered by a calcareous deposit closing the canals. 
This deposit appears to have been of a similar nature to that 
which closes the centro-dorsal of Comatula and the nodal stem 
joints of the Pentacrini, which, according to Wyville Thomson 
and Carpenter (Chall. Rep., pp. 18, 19), occasionally break their 
stems at a syzygy so as to become free. In the case of Ancyro- 
crinu8 y however, the stem may have become detached and the 
free state been the rule in the adult, as those stems with their 
anchor attached are found in great abundance. 

The bottom plate in the calyx of the Cupressocrinidae and Oas- 
terocomidBe, which we take to be a coalesced underbasal disk, has 
been described heretofore as representing the upper joint of the 
column, because the plate, at least in the adult, is undivided. 
It is, however, well known that a fusion of one or more plates 
takes place not only among basals, but also among underbasals ; 
while, on the other hand, the columnar joints, which in most of 
the Crinoidea are undivided, sometimes are tri- and quinque- 
partite. The plate of Cupressocrinus unquestionably has the 
position of the united underbasals ; it forms, like them, a part of 
the catyx, as much so as the basals of Dolatocrinus and Stereo- 
crinuSj in which, as a general rule, the sutures are totally 
obliterated, and in which the basal disk resembles most remark- 
ably the underbasal disk in this family. It is to be regretted 
that neither the central canal nor the angles of the column in 
Cupressocrinus give any light on this question, the former being 
circular, the column quadrangular ; but it seems to us that the 
plate, if really representing a stem-joint, should be quadrangular, 
in accordance with the other stem-joints in this genus, and not 
pentangular, as we always find it. 

The muscle-plates of the Cupressocrinidas have a more hori- 
zontal position than in the Symbathocrinidse, and those of 
different rays are laterally anchylosed, so as to form an annular 
plate with a central opening. There is, besides, an interradial 
lateral opening, and five pairs of radial ones. The central space 
was probably covered by interradial and summit plates, but these 
occupied a comparatively small space of the ventral surface, the 
larger portion being covered by the muscle-plates. The inter- 
radial opening represents the anus, the outer radial ones the 



81 157 

axial canals, the inner and larger ones are probably ambulacral 
openings. 

The arms of the Oasterocomidas have similar axial canals as 
those of the Cupressocrinidas, but these face outward, while the 
others are directed upward. This is readily explained by the 
condition of their articular facets, which are lateral, horseshoe- 
shaped, and do not extend over the whole width of the plates. 
The articular facets of the radials throughout this family, 
instead of bending over to the ventral side, stand erect as in 
PlotycrinuH, and their outer ends support the interradials in a 
similar manner as in that genus. In accordance with this struc- 
ture, it is evident that, if the anal opening was to occupy a posi- 
tion corresponding to that of Symbathocrinus and Cupressocrinus, 
it had to be located, as it is throughout this group, dorsally 
between the upper portions of the radials, which resemble struc- 
turally, if not quite functionally, the extensions of the muscle- 
plates in the other groups. The radials of the Oasterocomidas 
have limb-like extensions, they are simply notched for the ambu- 
lacral canal, and their axial opening penetrates the median por- 
tions of the plates. 

The Larviformia agree with the Blastoids as to certain condi- 
tions of their arm structure (see our notes on Cupressocrinus), 
and probably possessed hydrospires and hydrospire pores to 
connect with the ambulacra ; Gupressocrinus even had similar 
pinnules. The arms are simple throughout, but some of the 
radials, exceptionally, support two arms. The arms were united 
with the radials by strong muscles; but the arm-plates among 
each other, so far as known, were sutu rally connected and moved 
in a body. 
We give the following definitions of the four families : — 

A. Haplocrinidjb. Dorsal cup small, composed of basals and 
radials ; covered ventrally by five large single inter radial plates, 
which form a pyramid. These plates are supported upon the 
outer ends of two adjoining radials, and are united with one 
another, leaving only a small ambulacral opening. There is no 
anal plate; the anal aperture, so far as known, penetrates the 
upper part of one of the interradials. Column with small 
central canal. 

B. Stmbathocrinidje. Dorsal cup small ; composed of basals 
and radials only. The latter are provided with large muscle- 
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plates, which are connected by suture, except at their inner 
ends, where they leave generally a slit-shaped opening. The 
muscle-plates extend over the greater part of the ventral surface, 
and constitute a more or less elevated pyramid, with an open 
space in the centre. The central space is closed by compara- 
tively small interradials and the summit plates ; the latter, as a 
rule, are more extensively developed than in the Haplocrinidee. 
The arms are extremely long, closely folded together. They are 
composed of quadrangular joints, suturally connected, and 
moved upon the radials by means of strong muscles. The anal 
opening, where it has been observed, is intermediate between two 
muscle-plates. Column round, with a small central canal. 

C. Cupbessoobinidjb. Calyx large. Base dicyclic. Theunder- 
basals are anchylosed, and form a solid disk, which is succeeded 
by five basals. The radials are provided with large muscle-plates, 
which are laterally anchylosed, and form a continuous plate cov- 
ering a large portion of the body. It stands on a level with the 
upper faces of the radials, and is pierced by the anus and the 
ambulacral openings. The arms are simple, closely folded to- 
gether, and composed of massive, wide, quadrangular pieces, 
which, being connected by suture, moved in a body upon the 
radials. Column strong, containing a large central canal sur- 
rounded by peripheral ones. 

D. GasterocomiDjE. Base dicyclic ; basals and underbasals as 
in the Cupressocrinidae. Radials large; their articular facet 
lateral, horseshoe-shaped, covering almost the whole outer face of 
the plates. They are provided with large axial openings, which 
occupy the median portions of the facets, and are notched at their 
upper end to pass in the ambulacral canal. The anal opening is 
dorsal, placed between two radials, and either succeeds the anal 
plate, or this succeeds the opening. The interradial plates are 
small occupying the equatorial zone. The oral plate is very 
large, excentric, and surrounded by four large proximals, its pos- 
terior side resting against the radials. Arms recumbent or widely 
divergent. 

Family XIII.— HAPLOCRINTDJE. 

Under this family we place only the two genera Haplocrinus 
and Allagecrinus. Roemer referred to it Haplocrinus and Cocco- 
crinus, in which he was followed by Zittel and S. A. Miller. 
Schultze, like us, referred Coccocrinus to the Platycrinidae, but 
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added Triacrinus, which Zittel, Angelin and Miller made the type 
of a distinct family. We admit there are close affinities between 
Haplocrinus, Triacrinus and Pisocrinus, but we believe the last 
two are closer allied to Symbathocrinus (see our notes on the 
Symbathocrinidae). Pictet refers to the Haplocrinidae : Haplo- 
crinus, Coccocrinus, Myrtillocrinus, Ceramocrinus, Epactocrinus 
and Oasterocoma ; Dujardin and Hup£: Haplocrinus, Cocco- 
crinus, Myrtillocrinus and Stephanocrinus. D'Orbigny arranged 
his " Aplocrinidse " between the Pentremitid« and Cupresso- 
crinidse. 

In Tr^ost's catalogue of 1850 we find the following names : 
Haplocrinus granulosus, H hemisphericus, H maximus and H. 
ovalis, which have not been defined, and are species of Pisocrinus 
and Triacrinus. Haplocrinus annularis and H. monile were 
defined by Eichwald from pieces of the column. 

HAPL0CRIFU8 Steininger. 
(PI. 5, figs. 1, 2.) 

1884. Steininger, Bull. Soc. geol. de France (Ser. i), vol. viii, p. 231. 
1844. F. Roemer, Rhein. Uebergangsgebirge, p. 63. 

1849. Steininger, Yersteinerungen der Eifel, p. 20. 

1853. Steininger, Geognostische Beschr. d. Eifel, p. 36. 

1852. Quenstedt, Handb. d. Petrefactenkundo, p. 624. 

1855. J. Muller, Verh. naturh. Verein, Jahrg. xii, p. 21. 

1855. F. Roemer, Lethaea Geogn. 1855 (Ausg. 8), p. 260. 

1857. Pictet, Traits de Paleont., iv, p. 308. 

1862. Dujardin & Hupe", Hist, natur. des Zoophytes Echin., p. 105. 

1862. Hall, 15th Rep. N. Y. St. Cab. Nat. Hist., p. 143. 

1866. Schultze, Echin. Eifel Kalk., p. 103. 

1868. De Koninck, Bull. d. l'Acad. Roy. d. Belg. (Ser. 2), Tome iii (Extr. 

p. 63). 
1879. Zittel, Handb. d. Palaeont., i, p. 347. 
1882. Quenstedt, Handb. d. Petrefactenkunde (Ausg. 8), p. 964. 

1885. P. H. Carpenter, Chall. Rep. Crinoidea, p. 158, etc. 

Syn. EugeniacriniUs Goldfuss (in part), 1826, Petref. Germ, i, 

p. 213. 
Syn. Aplocrinui d'Orbigny, Prodr. i, p. 102. 
Syn. (?) Dimorphocrinv* d'Orbigny (Zittel). 

The first species of this genus was described by Goldfuss under 
Eugeniacrinites mespiliformis. Goldfuss did not know the con- 
struction of thq plates, nor did Steininger who described the 
same species under Haplocrinus spaeroideus. F. Roemer, in 1844, 
gave a good description of the plates, but his way of interpreting 
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them was rather peculiar. According to his diagnosis, the calyx 
of Haplocrinus is composed of five basals. These, as he states, 
alternate with five " para-basals," of which three are separated 
from the basals by intervening plates (Costalglieder). He 
states further that, placed upon the sutures of two adjoining 
" para-basals," there are five simple arms, which in their closed 
condition form a pentamerous " Scheitelpyramide. ,, If it were 
true that the latter plates, which at their lateral union form con- 
spicuous grooves, were arms, this Crinoid would have no radials, 
and the basals would be radially disposed, contrary to the funda- 
mental rules of the class. The ventral pyramid had been errone- 
ously described by Goldfuss as composed of five series of eight 
to ten pieces longitudinally arranged, and it was this, likely, 
which misled Roemer. The fact, however, is that the ventral 
surface is covered by five single trigonal pieces, arranged alter- 
nately with the upper ring of plates in the dorsal cup, and that 
the latter plates, as Goldfuss correctly stated, are provided with 
an articular facet upon which the arms moved. This was con- 
firmed by Muller's observation, who, in 1855, discovered in one of 
his specimens, resting upon the facet, a small brachial. 

Allman was the first writer who undertook to homologize the 
five ventral plates of Haplocrinus, Coccocrinus and Stephanocri- 
nus with the orals of recent Crinoids. It seems, however, that he 
was not aware of Miiller's discovery of arm joints, for he supposed 
that all those genera possessed recumbent ambulacra. A similar 
view was held by d'Orbigny. Schultze calls the ventral plates 
44 interradiale Pyramidenstiicke." Zittel describes the "Kelch- 
decke " to be composed of u fiinf grossen, im Centrum zusammen- 
stossenden, dreieckigen Oral-platten, welche eine Pyramide bilden, 
und zwischen sich fiinf breite, gerade, durch die abgeschragten 
Seitenflachen begrenzte, nach unten geschlossene, nach oben offene 
Ambulacralfurchen Widen." There is nothing to confirm this 
view, and, in fact, we do not know how this could have been 
possible. It is difficult to see what office the so-called " open 
ambulacral groove " could have had, especially if Haplocrinus 
possessed arms, as Prof. Zittel admits. The grooves, evidently, 
are mere compartments for the reception of the arms, and served 
for their protection. Carpenter agrees with Zittel that the ven- 
tral plates are orals, but opposes his open ambulacra. He regards 
the genus to be " permanently in the condition of a Pentacrinoid 
larva with a closed tentacular vestibule." We fully agree with 
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him that Haplocrinus is a persistent larval form, but do not 
understand how the five large plates, which occupy almost the 
entire ventral surface, and as much as one-half of the whole test, 
possibly can represent the orals in a Palseocrinoid, as all other 
genera of this group in which the ventral covering has been 
observed, have largely developed interradials, and these, whether 
composed of one or a series of plates, extend up invariably to a 
comparatively small area surrounding the peristome. We, there- 
fore, regard the small central piece as the homologue of the orals, 
and not the five large plates which we take to be interradials. 

The basals of Haplocrinus were described by Dujardin and 
Hupe* to be composed of three pieces in place of five. The three 
small plates alternating with the basals, the " Costalglieder " of 
Roemer, which are radial in position and support three of the 
arm-bearing plates, were called by Schultze " parabasal ia," by De 
Koninck " subradials," while Muller, Pictet and Zittel called them 
"first radial plates. 77 The term parabasals was used by Schultze 
for basals in dicyclic Crinoids, and, therefore, cannot be applied 
to radial plates, neither can the name " subradials," as also this 
term has been used in the same sense. We regard the three plates 
as representing mere sections of the radials, which, jointly with 
the arm-bearing part above, are equivalent to one of the undi- 
vided radials of the other two rays. 

Generic Diagnosis — Of very small size. Form of calyx sub- 
globose, sometimes biturbinate, extending almost over the whole 
ventral surface. The summit pieces are represented only by a 
small oral plate. 

Basals five, small, pentagonal, forming a shallow cup with 
slightly acute angles. Radials very irregular, two of them 
consisting of single pieces, the other three of two plates each, 
connected by suture. The two single plates, which agree in 
size — but not in form — with the compound ones, belong to the 
anterior ray and left postero-lateral one; they are heptagonal 
and almost of the same form and size. The three compound 
ones differ from one another ; two of the lower segments are pen- 
tagonal, that of the right anterior ray hexagonal, its left lateral 
face being angular. The upper segments are quadrangular, 
except the one of the right postero-lateral ray, of which the 
lower corner is slightly truncated. The articular faces form a 
straight line, and occupy about one-third the width of the radials. 
They enter deeply the upper surface of the plates, and form at 
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each side of them a rather conspicuous upright projection, which 
is truncated at the upper face. These projections are laterally 
connected in pairs, and each pair supports a large interradial 
plate, which almost covers the whole ventral surface. The five 
interradials join with one another; they are subtrigonal, their 
angles truncated ; the upper angle so as to admit a small oral 
plate, the other two to make space for the articular facet. The 
sides of the plates along their suture line are beveled, thereby 
producing along the suture line, in a radial direction, a deep 
groove, which, evidently, was occupied by the arms in their 
closed condition. Beneath these grooves there is an opening in 
the test, at which the ambulacra enter the calyx. The openings 
contain along their median line the ambiilacral passage, which is 
oval in form. At each side of it there is apparently another 
opening, which Schultze described as " kleine grubenartige Ver- 
tiefungen," whose functions we cannot understand unless they 
are in connection with the respiratory apparatus. There is no 
anal plate ; the anal opening is small, and penetrates the upper 
part of the interradials close to the oral plate. 

The arms are imperfectly known, but they probably were long, 
simple, and composed of long joints, like those of the Larvi- 
formia generally. The articulation upon the radials was by 
muscles, the axial canals being plainly visible. Column cylin- 
drical. 

Geological Po&Uion, etc. — Haplocrinus seems to have had a 
wide vertical range, three species being from the Devonian, the 
fourth one, according to De Koninck, from the Carboniferous (?). 

The following species have been described : — 

1862. Haplocrinus olio Hall, 15th Rep. N. York State Cab. Nat. Hist., p. 143, PI. 1, 
figs. 5-9. — Marcellus Shale. Onondago Co., N. Y. 

1868. H. granatum De Koninck, Ball. d. l'Acad. Roy. de Belg. (Ser. 2), Tome iii, ' 
No. 4, PI. 5, figs. 6-10. — (?) Mountain limest. Bolland, Yorksh., England. 

1826. H. mespiliformis (Goldfuss), Eugeniaorinites mespiliformis, Petref. Germ., 
i, p. 213, PI. 64, fig. 6.— Haplocrinus spsroideus, 1834, Steininger, Bull. 
Soo. Geol. de France, Tome viii, p. 232. — Haploorinus mespiliformis F. 
Roemer, 1844, Rhein. Uebergangsgeh., p. 16; also Leth. Geogn., 1855 
(Ausg. 3), p. 261.— Piotet, 1857, TraitS de Pateont., iv, PI. c, fig. 2.— Bronn, 
1860, Klassen d. Thierreichs (Actinoxoa), PI. 28, fig. 4 A-C.— Dujardin and 
Hup6, 1862, Hist. Nat. des Zoophytes Echinod., p. 105, PI. 5, fig. 9.— 
Schultze, 1866, Echin. Eifl. Ealk., p. 104, PI. 12, figs. 10, 11.— Devonian. 
Eifel, Germany. 

1844. H. stellaris Roemer, Rhein. Uebergangsgeh., p. 63, PI. 3, fig. 5 ; also Sand- 
berger, Jahrbuch, 1845, p. 777. — Roemer, 1855, Lethaea Geogn. (Ausg. 3), 
p. 261. — Devonian. Nassau, Germany. 
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ALLAGECBIHUB Ether. & Carp. 

J881. Ann. and Mag. Nat. Hist. (April), pp. 281-298. 

1884. De Loriol, Pal6ont. Franchise (Serie i), Tome xi, p. 46. 

Allagecrinus was made by Etheridge and Carpenter the type 
of a distinct family, and this was accepted by De Loriol. In 
our opinion it is either a Haplocrinoid or no Palseocrinoid at all. 
If the five ventral plates, as E. and C. assert, are orals, which in 
the younger specimens extended to the radials, closing in the 
tentacular vestibule, but in their subsequent stages were "rela- 
tively carried inwards, away from the radials, and separated 
from them by perisome," we should regard Allagecrinw a 
Neocrinoid. If, however, it is a Palaeocrinoid, we think the five 
ventral plates are interradials, which in the young Crinoid were 
closed, and gradually opened out so as to expose the summit 
plates. In this case, Allagecrinus was in its earlier life morpho- 
logically in a similar condition as Haplocrinus, but may have 
attained in the adult a somewhat higher degree of development. 

Messrs. Etheridge and Carpenter state on p. 284 of their paper 
on Allagecrinus, that the mouth in the larger specimens could 
not have been " roofed over or closed by a dome or vault of any 
kind/' for " if such a structure had existed within the circle of 
radial plates, it would assuredly have been preserved. " To this 
we reply, that the summit structure of Symbathocrinus which is 
comparatively solid was discovered after hundreds of the most 
perfect specimens had been examined, and until then it was 
regarded as membranous ; the same was the case in Cyathocrinus. 
Allagecrinus in its more advanced stages, may have attained the 
conditions of Haplocrinus or Symbathocrinus, or even of Cyatho- 
crinus, and passed perhaps through all those phases successively; 
but there is not the least evidence that the Scheitelplatten in any 
Palseocrinoid were carried inward by perisome as in the Neo- 
crinoidea. 

The same writers remark on p. 286, that " in none of the 
smaller specimens is there any trace of an anal opening, either 
directly piercing an oral plate, or at the margin of the dome 
between the orals and radials." And they state further, that 
" the central end of one or more of the former may be marked 
by tubercles, but we cannot suggest any explanation of these," 
If E. and C. had regarded these tubercles as mere ornamentations, 
they certainly would have stated so. We judge from their figs. 
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5 and 7 b, on PI. xvi, that one of the tubercles was larger than 
the others. The larger one may have been pierced by the anal 
opening, for it occupies relatively the same position as the anal 
opening in Haplocrinus. 

We cannot agree with Etheridge and Carpenter that Poterio- 
crinus isacobus Austin, which we referred (Rev. I, p. 113) to 
Scaphiocrinus, is an Allagecrinus. The little cup, which Austin 
figured on PL 8, fig. 4, of his Monograph, is evidently a ring of 
underbasals, with a few stem-joints attached to it, and not basals. 
To judge from the figures, there is in our mind scarcely a doubt 
that, in some way or another, the calyx in the type-specimen 
became detached, that the basals and radials were lost, and the 
underbasals temporarily fastened to the arms for safe-keeping. 
Similar detached cups are frequently found in the Burlington 
limestone, and we doubt if there will ever be found a species of 
Allagecrinus with branching arms. 

Generic Diagnosis. — Crinoid minute. Calyx pyriform or 
cylindro-conical. The dorsal cup composed of two rings of five 
plates each ; the ventral surface, so far as known, of five single 
pieces. There are no anal plates, neither dorsally nor ventrally. 

Basals five ; suture-lines rarely visible. Radials five, elongate, 
variable in form and size ; they are either axillaries and support two 
simple arms, or truncate above and bear a single arm, but neither 
one of them is branching ; when axillaries, they are considerably 
wider. The articular facets for the attachment of the arms are 
large and distinct, and nearly horizontal in position, so as to 
give a projecting lip-like appearance to the upper and outer 
edges of the radials. There is a transverse articular ridge 
around the opening of the central canal, which is large. The 
arms are strong, cylindrical, and probably without pinnules. 
The first arm-joint is much shorter than the others, cuboidal, 
with a nearly circular distal face, the succeeding ones elongate, 
three and four times as wide as high. 

The construction of the ventral surface is only known in the 
younger specimens, in which it consists of five interradial plates, 
which form a closed pyramid, the relative size of which is 
greater the smaller the specimen. The plates are trigonal, but 
the lower angles slightly truncate to form the arm-opening. In 
the smaller specimens, the plates are so closely united, that there 
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is no trace of sutures between tbem ; but the sutures gradually 
become more marked, and turn in the larger ones into rather 
distinct grooves. No central plate has been observed as in 
Eaplocrinus, and nothing is known of the ventral surface in any 
of the larger specimens. Column short, of vermiform appear- 
ance ; composed of small, low, rounded joints, with a circular 
central canal. 

Geological Position, etc. — Restricted, so far as known, to the 
top of the Carboniferous limestone of Scotland and America. 

1381. Allagecrinus Austini Ether, and Carp. Typo of the genus. Ann. and Mag., 
vol. vii, p. 2S9, Pts. 15 and 1ft. — Upper Carboniferous limestone of Scotland. 

1882. A. Carpenter! Wachsm., Bull. I, State Mus. Nat. Hist., p. 40; also (icol. Rep. 
Illinois, vol. vii, p. 341, PI. 29, fig. 14. — Kaskaskia group. Monroe Co., III. 

Family XIV.-SYMBATHOCRINTDJE, W. and Sp. 

We refer to this family the genera : Symbathocrinus, Phimo- 
crinus, Stylocrinv.8, Stortingocrinus, Pisocrinus, Triacrinus and 
Lageniocrinus. Zittel made of these genera two families; he 
placed Symbathocrinus, Phimocrinus and Lageniocrinus, to which 
he added Cupressocrinus, under the "Cupressocrinidee," and 
Pisocrinus, Triacrinus, with Catillocrinus, under the "Piso- 
crinidx." These groups were adopted by Dc Loriol and S. A. 
Miller. We willingly admit that Cupressocrinus agrees with 
Symbathocrinus and Phimocrinus very closely in the mode of 
articulation and in the arm structure ; but they differ essentially 
in other points. Cupressocrinus has a large dorsal cup, basals and 
underbasals, and three or four large peripheral canals, which fol- 
low the column. Nothing of this has been found either in Sym- 
bathocrinus or Phimocrinus, which both have a very small dorsal 
cup, and a small central opening along the column. After sepa- 
rating Cupressocrinus, and making Symbathocrinus the type of 
the group, it is extreme^ difficult to establish family distinctions 
between Symbathocrinus and Zittel's Pisocrinidse. Not even the 
irregularity in the construction of the calyx will hold good, as 
also in Symbathocrinus the symmetry is disturbed by the 
presence of an anal plate. Catillocrinus, which also had been 
identified with fhese groups, has a ventral sac, and has been 
referred by us to the Fistulata, 

3 
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8YMBATH0CRIHTJ8 Phillips. 
(PI. 4, figs. 8 to 11, and PI. 5, figs. 12 to 14.) 

1836. Phillips, Gool. Yorksh., Pt. ii, p. 206. 

1843. Austin (in part), Monogr. Rec. and Foss. Crin., p. 93. 

1850. D'Orbigny, Prodrome de Paleont., i, p. 156. 

1852. Owen and Shumard, Geol. Surv. la., Wise, and Minns., p. 597. 

1854. McCoy, Syn. Brit. Palseoz. Foss. 

1858. Hall, Geol. Rep. Iowa, Vol. i, Pt. ii, p. 559. 

1868. Meek and Worthen, Proc. Acad. Nat. Sci. Phila., p. 324. 

1873. Meek and Worthen, Geol. Rep. 111., Vol. v, pp. 824 and 437. 

1875. Meek and Worthen, Geol. Rep. 111., Vol. vi, p. 514. 

1879. Zittel, Handb. d. PaUeontologie, i, p. 349. 

1880. Wetherby, Journ. Cincin. Soc. Nat. Hist. (Extr., p. 7). 

Not Symbathocrinus Roemer 1855, M tiller 1855, Schultze 1866 -- 
Stylocrinus Sandberger. 

The genus Symbathocrinus , as it is now recognized, contains 
two distinct generic types. The one which occurs in the Car- 
boniferous and upper Devonian has a large anal plate, and this 
supports a long tube which extends to nearly the whole length 
of the arms. The other form, which is restricted to the lower 
Devonian, has no anal plate, nor does it show an anal opening. 
The Carboniferous form will be recognized by us as Symbatho- 
crinus, the other as Stylocrinus. 

When Phillips proposed the name Symbathocrinus he gave no 
description, he only stated that the u pelvis " was " anchylosed." 
The two Austins described Phillips' species, but they also took 
the base to be undivided, and nothing was said by them about an 
anal plate, although they indicated it in one of their figures 
(Monograph, PI. 12, fig. 4 6). Their fig. 4 a is a totally different 
thing, and represents either a Graphiocrinus or Scytalocrinus. 
Owen and Shumard discovered the base of Symbathocrinus to be 
tripartite, and Prof. Hall was the first to describe the anal plate. 
The muscle-plate was taken by Zittel, and formerly by us, for a 
so-called consolidating apparatus, like the similar structure in 
Cupressocrinus, and homologous with the oral plates. It was 
also the general belief that the central space was not closed, and 
represented the mouth. 

Symbathocrinus granulatus and S. Tennessee Troost are cata- 
logue names, S. tabulatus (Goldfuss) a Scytalocrinus, and S. 
tennesseensis Roemer a Pisocrinus. 

Generic Diagnosis. — Calyx small. Dorsal cup obconical or 
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basin-shaped. Basal s three, forming a shallow cup, which is 
slightly excavated for the reception of the column. They are 
composed of two larger equal pieces which are pentangular, and 
a smaller quadrangular one ; the latter placed to the left of the 
anterior interradius as in Platycrinus. 

Radials nearly equal, subquadrangular; the basi-radial suture 
slightly angular ; width much wider above than below. Their 
upper side forms a straight, horizontal line, except at the right 
posterolateral radial, of which the left upper end is sloped off 
for the reception of an anal piece. The anal plate rests com- 
pletely upon this one radial, occupying about one-fourth of its 
upper width. The radials are provided with large articular facets, 
which, extending inwards and upwards, form jointly at the ventral 
side of the calyx a sharply angular pyramid with re-entering 
angles. The upper end of this pyramid is truncated, and con- 
tains a good-sized opening in the centre, which in perfect speci- 
mens is completely covered by the interradial and summit plates. 
The lateral margins of the facets meet at their lower ends, except 
at the azygous side, where they are separated by the anal plate ; 
along their upper ends, however, they stand apart, and form 
rather conspicuous clefts. Each facet is divided vertically by a 
narrow sinus, 1 and the two halves of the plates or the limbs, as 
they might be called, at their upper end form an ambulacral 
opening. 

The interradials are unusually small, wider than high ; those 
at the four regular sides resting against the upper face of two 
limbs of adjoining radials. The number of interradials at the 
azygous side cannot be ascertained in our specimens, as the parts 
connecting the anal plate with the ventral surface of the calyx 
were not preserved. The anal plate stands in line with the first 
brachial, it has the same height but not its width, and is suc- 
ceeded by a slender tube which follows the whole length of the 
arms. Hall has figured a second anal plate, triangular in form ; 
this, however, constitutes the lower portion of the first plate of 
the tube, which always takes a sharp inward turn, leaving only a 
small triangular space exposed externally between the arms. 
The tube is composed of five rows of quadrangular, rather 



i These sinuses, which look somewhat like suture lines, give to the 
muscle plate* the appearance of representing separate pieces, interradiaUy 
disposed, and this led us at first to regard them as oral plates. 
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delicate plates, which are bent longitudinally so as to form an 
angle, and each plate extends to, and forms a part of, two of its 
sides. The interradials alternate with radial dome plates, which 
are even smaller, angular above. 

The summit is closed by the proximals and oral plate, all of 
which are much larger than the interradials. The proximals con- 
sist of four comparatively large, nodose plates, which enclose 
toward the azygous side three scarcely convex, smaller ones. 
The oral plate is the largest piece of the ventral side, it forms 
an inverted cup, containing radiating grooves along the inner 
floor, which lodged the ambulacra. 

Arms five, long, simple; closely folded together and forming a 
narrow, cylindrical body. They are composed of a large number 
of quadrangular joints, with parallel sutures, and are provided 
with a deep ventral furrow, but apparently have no pinnules. 
The first brachial differs somewhat in form from the others ; it is 
always higher, extending to the level of the oral plate ; also wider, 
but not quite as deep. Its proximal face is provided with a 
muscular appendage, which corresponds with that of the radials; 
its distal end, however, shows neither ridge nor fossae. The 
higher brachials in all probability were united by suture, and the 
arms moved as a body upon the radials. The articular faces of 
the latter are provided near their outer margin with a transverse 
ridge (PL 5, figs. 12, 13), extending to the whole width of the 
pu\te, with a transverse axial canal. The ventral furrow is deep, 
has a longitudinal # groove along the inner floor, and rib-like pro- 
jections alternating with grooves along the inner walls. The 
sides of the furrow are lined by two rows of short transverse 
side-pieces — about eight to each side of the arm joint — alternately 
arranged, which leave a zigzag median opening along the whole 
length of the arms. There are also lateral pores, one to every 
side-piece, and these connect with, and form the upper end of, 
the lateral furrows at the inner walls of the arm grooves to which 
we alluded. The lateral faces of the arm joints are provided 
along their outer side with shallow slanting grooves (PL 5, figs. 
12, 13), and these agree in number with the pores. It seems to 
us very probable that, by means of these grooves, the ventral 
furrow was brought in contact with the surrounding element, as 
the arms in this genus are so closely folded together, that with- 
out them no communication was possible. 
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Column long, cylindrical ; with small central canal. 

Geological Position, etc. — Symbathocrinus, commenced in the 
Hamilton group, attained its greatest abundance in the two Bur- 
lington formations, and disappeared at the termination of the 
Keokuk period. 

1869. Symbathoorinui brevil Meek k Worthen, Proceed. Acad. Nat. Set. Phil*., p. 

68; also Geol. Rep. Illinois, vol. v, p. 439, PI. ii, fig. 6. — Lower Burlington 

limestone, Burlington, Iowa. 
1836. 8. conicus Phillips, Oeol. Yorkshire, p. 206, PI. 4, figs. 12, 13; Austin, Ann. and 

Mag. Nat. Hist., x, p. 108; also Monog. Rcc. and Fosb. Crin., p. 93, PI. 11, 

figs. 5 6, e (not 5 a, which is a Poterioorinoid); d'Orbigny, 1850, Prodr. i, p. 

156; McCoy, 1854, Syn. Brit. Palaeoz. Foss., p. 118. — Mountain liinest., 

Ireland and England. 
1852. S. dentatui Owen k Shum., Jour. Acad. Nat. Sci. Phila. (new ser.), vol. ii, p. 

93, PI. 11, fig. 7; also 1852, Geol. Rep. Iowa, Wise, and Minnesota, p. 597, 

PI. 5 B, figs. 7 a b. — Upper Burlington limest., Burlington, Iowa. 
1880. 8. grannliferni Wetherby, Journ. Cincin. Soc. Nat. Hist., PI. 16, figs. 3, 3 a. 

— Kinderhook gr., Kentucky. 
1858. 8. matutilius Hall, Geol. Rep. Iowa, vol. i, p. 483, PI. i, fig. 2.— Hamilton gr., 

New Buffalo, Iowa. 

1860. 8. Oweni Hall, 13th Rep. N. York St. Cab. Nat. Hist., p. 111.— Kinderhook 

gr., Rockford, Indiana. 

1861. 8. papillatm Hall, Descr. New Crin. (Prelim. Notice), p. 18.— Upper Burling- 

ton limestone, Burlington (a mere variety of 8. dentatus). 
1865. 8. robojtui Shumard, Trans. Acad. Nat. Sci. Phila., vol. ii (Palaeozoic Foss. 
America), p. 397. — Meek and Worthen, 1885, Geol. Rep. Illinois, vii, p. 514, 
PI. 29, fig. 4. — Keokuk limestone. Button-Mould Knob, Ky., and Sulphur 
Springs, near Nashville, Tenn. 

1858. 8. SwaUovi Hall, Geol. Rep. Iowa, vol. i, Pt. II, p. 672, PI. 17, figs. 8 and 9.— 

(?) St. Louis limestone. Missouri. 
1869. 8. Waehimuthi Meek and Worthen (not 186G-— Catillocrinus Wachsmuthi), 
Proc. Acad. Nat. Sci. Phila., p. 67 ; also Geol. Rep. Illinois, v, p. 437, PI. 2, 
fig. 5. — Lower Burlington limestone. Burlington, Iowa. 

1859. 8. Wortheni Hall, Geol. Rep. Iowa, vol. i, Pt. ii, p. 560, PI. 9, fig. 9.— Upper 

Burlington limestone. Burlington, Iowa. 

PHIMOCRINUS Schultxe. 

1886. Schultze, Monogr. Echin. Eifl. Kalk., p. 29. 

1879. Zittel, Handb. d. Palaeontologie, i, p. 350. 

1882. Oehlert, Bull. Soc. Geol. de France, Ser. 3, x, p. 353. 

PhimocrinM agrees almost completely with Symbathocrinus, 
but it h&s five basals in place of three. It also has similar arti- 
cular facets, which, in a like manner, form a stelliform pyramid, 
of which, however, the summit plates have not been observed. 
The anal opening is situated between two muscle-plates, and 
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evidently was extended into a tube, as in Symbathocrinus. The 
form of the arms is not known. Column pentagonal, with a 
small pentalobate central canal. 

Geological Position, etc. — Phimocrinus is restricted to the 
lower part of the Devonian. 

1882. Phimocrinui Jouberti Oehlert, Bull, de la Soc. G6ol. de France, Ser. 3, tome 

x, p. 352, PI. 8, fig. 1. — Devonian. Sabr6, France. 
1866. Ph. laevil, Schultze (Type of the genus), Monogr. Echin. Eifl. Kalk., p. 29, 

PI. 3, fig. 6. — Devonian. Eifel, Germany. 
1866. Ph. quinquangularis SehalUe, Monogr. Echin. Eifl. Kalk., p. 30, PI. 3, fig. 7. 

— Devonian. Eifel, Germany. 

STYLOCKINUS Sandberger. 

(Re-defined by W. and Sp.) 

1850. Versleinerungen Nassau's, p. 400. 

Syn. Platycrinus (partim) Goldfuss, 1888. Nova Acta Leop. XIX, 

i, p. 845 ; also Quenstedt, 1852, Handb. d. Petrefactenk., Ed. 1, 

p. 618. 
Syn. Symbathocrinus (partim) Muller, 1855, Verh. naturh. Verein 

fur Rheinlande, xii, p. 19 ; also Neue Echin. Eifl. Kalk., p. 257 ; 

Schultze, 1866, Monogr. Eifl. Kalk ., p. 26 ; Zittel, 1879, Handb. 

d. Palseont., i, p. 349. 

Stylocrinus has been generally regarded as identical with 
Symbathocrinus, and Sandberger, when he proposed the name, 
failed to point out the generic differences. He applied the name 
to a species from Vilmar, which afterwards was found to be 
specifically identical with " Symbathocrinus " tabulatus, from the 
Eifel. The absence of an anal plate, and even of an anal opening in 
the EifeJ species, was overlooked or disregarded by all European 
writers. Zittel described the ventral side of Symbathocrinus as 
plated, and containing an anal tube reaching to the tips of the 
arms; he also spoke of oral plates, which were said to form 
beneath the vault a concealed consolidating apparatus. This 
description, incorrect as it is, was evidently made from the 
Carboniferous form, as in the Eifel species nothing is known of 
the calyx beyond the radials. In Symbathocrinus the anal 
opening is located between two of the muscle-plates ; but in the 
Eifel species, which we make the type of Stylocrinus, the mus- 
cular appendages of all the radials are suturally united. This 
suggests that the opening probably penetrated the interradials, as 
in Haplocrinus, and it may have had, like that genus, only an 
oral plate and no proximals. 
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In the construction of the dorsal cup, Stylocrinus agrees with 
Symbathocrinu8. The two genera, however, differ in the articular 
extensions of their radials, which extend only inward, not 
upward, and form a level with the outer edges of the radials. 
The arms are composed of quadrangular joints, with parallel 
sutures, and they possess a deep ventral furrow. The column is 
circular, and consists of thick joints, those at the upper end 
being comparatively strong, but they are reduced very soon to 
less than one half of their greatest width. 

The only known species is : — 

•1838. Stylocrinui tabulate (Goldf.), Platycrinus tabula tus, Nova Acta. Leopold. 

xix, i, p. 345. Quenatedt, Handb. d. Potrefactenk. (Ed. 1). p. 618, PI. 54, 

fig. 25.— Symbathoorinus tabulatus, Muller, 1855, Verb, naturb. Verein f. 

Rheinl. xii, p. 19, PI. 4, figs. 4, 5; Schultze, 1866, Monogr. Eifl. Kalk., p. 

27, Pi. 3, figs. 4, 5. — Devonian. Eifel, Germany. 
Tar. alta MUller, Verein f. Rheinl. xii, Pi. 4, fig. 5; Schultze Monogr., PI. 3, 

fig. 4. 
Tar. depressa Muller, ibid., PI. 4, fig. 4; Schultze, ibid., PI. 3, fig. 5. 
Syn. Platycrinus laevigatas Goldf; P. alutaceus, P. scrobiculatus, P. nodu- 

losus. — These names were applied by Goldfuns to specimens in the Muaeum 

of Bonn to mere variations of Styloorinus tabula tus, but have never been 

published (Schultze). 
Syn. Styloeriniu scaber Sandberger, Versteinerungen Nassau's, p. 400, PI. 

35, fig. 12. 
Syn. Platycrinus gerolsteiniensis Steininger, Geogn. Hescbreib. d. Eifel, 

p. 37. 

8TOBTINGOCBINU8 Schultze. 

1866. Monogr. Echin. Eifl. Kalk., p. 69. 

Syn. Platycrinus (partim), Qoldfuss and Wirthgen and Zeilcr. 

Stortingocrinu8 agrees in the lower portions of its calyx with 
Platycrinus, to which it was referred by Goldfuss and Muller. 
That it does not belong to the Camarata, and hence is no Platy- 
crinoid, is shown by the mode of articulation, which is like that 
of Haplocrinus, and by the form of the radials, which, in the 
place of being notched, are extended upward, and support upon 
their limbs a single interradial as those of the Blastoids. 

Generic Diagnosis. — Basals three, unequal ; two of them twice 
the size of the third one, which is rhomboidal. Radials large, 
subquadrangular ; their articular facets deeply inserted, forming 
a depression with a slightly concave upper face. Their lateral 
margins of adjoining radials are connected by suture, they extend 
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upwards and inwards, forming partitions between the arm bases, 
leaving but a small space for the reception of the arms. 

Column round, with a stellate central canal, its angles directed 
radially. 

Geological Position, etc. Stortingocrinus is restricted, so far 
as known, to the lower beds of the Devonian of Europe. 

•1838. Stortingocrinus decagonns (GoldfusB) Platycrinus decagonns, Nora Acta 
Ac. Leopold, xix, i, p. 345.— Schultze, Platycrinns (Stortingocriniu) deca- 
gonns; Monogr. Echin. Eifl. KaJk., p. 70, PI. 10.— Devonian. Eifel, 
Germany. 

♦1855. St. fritillus, (Wirthgen and Zeiler), Type of the genus. Platycrinus fritillus, 
Verh. naturh. Verein f. Kheinl., Jahrg. xii (n. aer.), p. 80, PI. 10, fig?. 4 and 
5. — Sohultse, Platycrinus (Stortingocrinus) fritillus, Mon. Echin. Eifl. 
Kalk., p. 69, PI. 10, figs. 8-8 f.— Devonian. Eifel, Germany. 
St/n. Platycrinus asper, P. pusillus, P. rugosus, P. scobiculatus and P. 
■oaber Goldfuw, and P. minutus Schurr. 

♦1866. St. trifldus (Schnltse), Platyor. (Stortingocr.) trifldus, Monogr. Echin. Eifl. 
Kalk., p. 70, PI. 10, figs. 8a-g. — Devonian. Eifel, Germany. 

PISOCKIinJS De Koninok. 

1&58. De Koniuck. Bull, de l'Acad. Roy. deBelgique (Ser. 2), iv, p. 104. 
1873. Salter, Cat. Cambr. Museum, p. 128. 
1879. Handb. d. PalflBontologie i, p. 348. 

1878. Angelin, Iconogr. Crin. Suec., p. 20. 

1879. S. A.. Miller, Journ. Cincin. 8oc. Nat. Hist. (July). 

Syn. Symbathocrinus (in part), F. Roemer, Silur. Fauna, West 

Tenn., p. 55. 
Syn. (?) Triacrintts, Mfinster, 1839 (in part), Beitriige zur Petre- 

factenkunde, p. 4. 
Syn. Symbathocrinus (in part), Roemer, 1860, Silur., Fauna West. 

Tennessee, p. 55. 

Pisocrinus is closely allied to Triacrinus, but the latter is said 
to have three basals; Pisocrinus has five. The arrangement of 
the other calyx plates is identical, and also the arm structure. 
Schultze, who observed in the Eifel species only three basals, 
postulated from this that the Silurian species from Sweden, for 
which De Eoninck had established the genus Pisocrinus y also 
consisted of but three plates. Angelin, who succeeded Schultze, 
and who had at his command the extensive collections of the 
Stockholm Museum, describes the genus with five basals, and all 
his figures show five plates. We also examined from the same 
horizon in America several hundred specimens of at least three 
species from Western Tennessee, all of which have five basals and 
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not three ; but in one of those species the basals are so small that 
thej were almost completely covered by the column, and it appears 
as if the sutures between the plates of the second ring, of which 
only three touch the basals, were the sutures between the plates 
of the first ring. A similar structure is found in Pisocrinus 
pilula (Iconogr., PL 4, fig. 4 6), a species which in its general 
aspect is closely allied to Triacrinus depressus M Li Her. We do 
not pretend to say, however, that this species had five basals ; it 
is very possible that two of these plates became anchylosed, and 
that the genus made its reappearance in the Devonian with only 
three basals. 

Generic Diagnosis. — Calyx in its general aspect clove-shaped, 
its form subcorneal, sometimes pyriform. 

Basals five, unequal ; three of them larger and trapezoidal, the 
two smaller ones trigonal, which combined form an irregularly 
triangular cup. 

The radials are extremely irregular, only the two antero-lateral 
ones touching the basals. These two are more than twice as 
large as the other three plates ; they are hexagonal, and have the 
same form and 'size. The anterior radial is triangular, with con- 
vex sides, and rests with its lower angle half way between the 
two larger ones. At the posterior side, the basals do npt support 
» radial, but are succeeded by a pentangular azygous plate, which 
shares with the two large radials an equal part. The plate has 
*t;he form of an' axillary, is broadly truncate below, with short 
lateral faces, and is sharply angular above. The two postero- 
lateral radials meet above the azygous plate, resting upon its 
sloping upper sides, and against the upper half of the two larger 
Tadials. Their width is identical with that of the larger ones, 
and in a ventral aspect the radials appear to be perfectly 
symmetrical. 

Pisocrinus has similar articular appendages as Symbalhocrinus, 
which cover a good part of the ventral surface. The articula- 
tion, however, does not occupy the whole width of the radials; 
there is at each side of the plates an upright extension, which 
together with that of adjoining radials produces interradially, 
between the arms, a conspicuous projection, similar to that of 
Haplocrinus, but more prominent. The construction of the ven- 
tral side is not known, the space beyond the articular faces is 
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open in all our specimens, but probably was covered in a similar 
manner as in Symbathocrinus. 

The arms are long, simple, rounded along the outer face, and 
less closely folded than in Symbathocrinus. They are composed 
of extremely long, single joints with parallel upper and lower 
faces. The column is circular and has a stellate central canal. 

Geological Position, etc. — Pisocrinus is restricted to the Upper 
Silurian, and occurs in Europe and America. 
Pisocrinus Dixoni Troost is a catalogue name. 

1878. Pisocrinus flagellifer Angelin, Iconogr. Crin. Suec, p. 21, PI. 4, figs'. 1 «-*. 

— Upper Silur., Gothland, Sweden. 

1879. P. gemmiformis S. A. Miller, Journ. Cincin. Soc. Nat. Hist. (July), PI. 9, 

figs. 6 a-c. — Niagara gr., Riply Co., Indiana. 
1878. P. ollnla Angelin, Ieonogr. Crin. Suec, p. 21, PI. 4, figs. 4 a-d. — Upper Silu- 
rian, Gothland, Sweden. 
1858. P. ornatus De Koninck, Bull, de l'Acad. Roy. de Belg. (Ser. 2), Tome 4 (Extr. 

p. 27), PI. 2, figs. 12, 13.— Upper Silurian, Dudley, England. 
1858. P. pilula De Koninck (Type of the genus), Bull, de l'Acad. Roy. de Belg. 

(Ser. 2), Tome 4 (Extr. p. 26), p. 106, figs. 8-11 ; Angelin, 1878, Iconogr. 

Crin. Suec., p. 21, PI. 4, figs. 4 cr, b. — Upper Silurian, Dudley, England, 

and Gothland, Sweden. 
1878. P. pocillum Angelin, Iconogr. Crin. Suec, p, 21, PI. 4, figs. 3, 3 a. — Upper 

Silurian, Gothland, Sweden. 
*1860. P. tennesseensis (Roemcr), Symbathocrinus tennesseensis, Silur. Fauna, 

West. Tenn., p. 55, PI. 4, figs. 6 a, b. — Niagara gr. Decatur Co., Tenn. 

TRIACRINTJ8 MUnster. 

1839. Miinster, Be it rage z. Petrefactenk., p. 8. 
1850. D'Orbigny, Prodr. de Paleont., i, p. 104. 
1866. Schultze, Monogr. Echin. Eifol Kalk., p. 106. 
1879. Zittel, Handb. d. Palaeont., i, p. 848. 

Syn. Trichocrinus M tiller, Monateber. 1856, p. 354., and Neue Echin. 
d. Eifl. Kalk., p. 248. 

Triacrinus differs from Pisocrinus in having three basals in 
p*ace of five, in all other characters the two forms are identical. 
We have some doubt whether the few species which have been 
referred to Triacrinus have not really five basals instead of 
three. In this case the genus would take the name lHsocrinus 
and not Triacrinus, although the latter has priority. Miinster 
described the base as tripartite, making this the name-giving 
character, and De Koninck, who found five basals in his species, 
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was in our opinion perfectly justified in establishing for it a new 
genus. 

1857. Triacrinui altos (MUller), Trichocrinus altus, Ncue Echin. Eifl. Kalk., p. 249, 

PI. 2, figs. 8-11.— Schultze, 1866, Triacrinus altus, Echinod. Eifl. Kalk., p. 

109, PI. 12, fig. 9.— Devonian. Eifel, Germany. 
1867. T. depressus (MUller), Trichocrinus depressus, Neue Echin. Eifl. Kalk., p. 249, 

PI. 2, figs. 12-17.— Schultze, 1866, Triaorinns depressus, Echin. Eifl. Kalk., 

p. 108, PI. 12, fig. 8.— Devonian. Eifel. 
1839. T. granulatuf MUnster, Beitr. i. Pctrefaetenk., p. 4.— Upper Silur. (?). 

SchUbekamraer, Germany. 
1839. T. granulates MUnster, type of the genus, Beitr. z. Petref., p. 3, PI. 1, figs. 

4 «, h, e. — Devonian. Benitzlosau, near Hof, Germany. 

LAGENI0CBINU8 De Kon. k Lehon. 

1853. De Kon. and Lehon., Recherch. sur les Crin. Carbon, de la Belg., 

p. 187. 
1879. Zittel, Ilandb. d. Palaeontologie, i, p. 350. 

Zittel has placed Lageniocrinus along with Symbathocrinus and 
Phimocrinus, and we think for good reasons. We also agree 
with him that the five plates, which in the specimens cover the 
ventral surface, represent the arms and not radials as was sup- 
posed by De Koninck. These plates evidently could be opened, 
and there were plates underneath covering the calyx. Lagenio- 
crinu8 represents in our opinion an embryonic form, and may 
possibly be the young stage of Symbathocrinus. Of this genus 
we found a very minute specimen, in which the arms consisted of 
but three successive joints, forming jointly a pyramid ; while 
adult specimens sometimes have as many as a hundred. 

Generic Diagnosis. — General form flagon-shaped ; that of the 
dorsal cup funnel-shaped. Basals three, elongate, two of them 
larger and pentangular, the smaller one rhomboidal, which 
together form a tubular body which is slightly wider above. The 
radials are quadrangular, wider above than below. Two of them 
rest upon the truncate upper faces of the two larger basals, the 
three others against their sloping sides and against the upper 
sides of the smaller basal. There is no anal plate. The arms 
consist of single joints, which, folded together, form a pyramid. 
The ventral surface of the calyx is not known. 

1853. Lageniocrinus seminulum Dc Kon. and Lehon, Recherch. sur les Crin. Carbon, 
de la Belg., p. 189, PI. 4, fig. 1 «-c. — Mountain liinest. Vis£, Belgium. 
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(1) BHOPALOCBINUS W. k Sp., Rev. i, p. 57. 

This gen us was referred by us provisionally to the Ichthyo- 
crinidee, where it cannot remain, as it has not the articulate 
structure so characteristic of that group. We now place it with 
the Inadunata, as the arms were evidently free from the first 
radials ; but we are yet in doubt if it should go with the Sym- 
bathocrinida?, Cupressocrinidae, Gasterocomidae, or be made a 
distinct group. 

Family XV.— CUPRESSOCRINIDJE Roemer. 

The Cupressocrinidae in our classification consist only of the 
genus Cupressocrinus. Schultze, Zittel and De Loriol, however, 
added Symbathocrinus and PhimocrinuB^ which unquestionably 
differ from Cupressocrinus more than Pisocrinus and TriacrinuSj 
for which they proposed a separate group. 

CUPRES80CBINUS Goldfuss. 
(PI. 4, fig. 1.) 

1826. Goldfuss, Petref. Germani®, i, p. 880. 

1885. Agassiz, Memoir Soc. des Sci. natur. d. Neuchatel, i, p. 198. 

1888. Goldfuss, Nova Acta. Ac. Leopold. XIX, i, p. 880. 

1839. Miinster, Beitrage z, Petref., p. 8. 

1845. F. Roemer, Leonh. and Bronn's Jahrbuch, p. 291. 

1850. D'Orbigny, Prodrome de Paleont., i, p. 102. 

1852. Quenstedt, Handb. d. Petref. (Ed. 1), p. 628. 

1855. Sandberger, Versteinerungen Nassau's, p. 401. 

1855. F. Roemer, Lethsea Geognostica (Ausg. 3;, p. 280. 

1&57. Pictet, Traits de Paleont., vol. iv, p. 806. 

1862. Dujardin and Hupe, Hist natur. des Zooph. Echin., p. 110. 

1866. Schultze, Monogr. Echin. Eifl. Kalk., p. 14. 

1879. Zittel, Handb. d. Palseontologie, i, p. 348. 

1880. Quenstedt, Handb. d. Petref., Ed. 3, p. 962. 

1882. De Loriol, Paleontologie Franc.,. tome xi, p. 47, not Ad. Roemer, 
Harzegebirge, p. 8 ; nor McCoy, Syn. Brit Palaeoz. Foss., p. 117. 
Syn. JIalocrinites Steininger, 1881, Mem. Soc. Geol, de France, i, 

p. 349. 
Syn. Cypressocrinites Steininger, 1849, Verstein. Uebergangsgeb. 

d. Eifel, p. 20. 
Syn. Cypellocrinitei Steininger, 1853, Geogn. Beschr. d. Eifel, p. 86. 

Goldfuss, in 1826 (Petrefacta Germania), gave a good descrip- 
tion of this genus, to which he made additions in 1838 (Beitrage 
zur Petrefactenkunde, p. 334). At both times he expressed the 
conviction that the ventral covering was probably membranous. 
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The arms be described as bearing " sabelformige Tentakeln " 
(pinnules), and in the description of Cupressocrinus gracilis he 
gave a graphic account of the articular facets of the radials. 
These, according to his statement, extend deeply inward, so as 
to diminish largely the width of the visceral cavity, which at the 
upper end is reduced to one half the depth of the facet. Behind 
the u Nahrungscanal " (axial canal), he says, there extend out 
two diverging muscular extensions, which connect by a cross- 
piece, abut against their fellows of adjacent radials, and form 
together a star-shaped figure, composed of five pairs of leaves. 
The ventral surface, therefore, according to Gold fuss, consists of 
five coalesced muscle-plates, and not, as was supposed by 
Roemer, Schultze and Zittel, and heretofore by ourselves, of an 
independent plate or apparatus, peculiar to this genus. F. 
Roemer described it as a cribriform calcareous plute, in form of a 
five-leaved flower. Schultze speaks of it as five delicate plates, 
which join radially, four of them equal, the fifth one different 
and containing the anal opening. He calls it a consolidating 
apparatus, constituting a part of the inner body, and not portions 
of the outer test ; pierced by various openings, through which 
the blood-vessels, axial canals and genital organs passed into the 
arms. A similar view was held by Zittel, who stated : " There is 
in the interior of the calyx, at the base of the arms, a peculiar 
annular, so-called consolidating apparatus, composed of five 
large interradial (oral) plates, with a round (mouth) opening at 
the centre." Also, De Loriol mentions a peculiar " Consolida- 
tions-apparat, qui a 6t4 rapprochd des hydrospires." 

The views expressed by us, Rev. I, p. 12, to which De Loriol 
alludes, differ from those of our co-laborers. We held that the 
so-called " consolidating apparatus " was composed of five oral 
plates, which we thought stood in connection with five pairs of 
hydrospires. To this interpretation we were partly led by a cer- 
tain superficial resemblance, but principally by the fact that 
Roemer, Schultze and Zittel, who had access to the splendid col- 
lections from the Eifel, all agreed that the plates in question were 
interradial in position. If this had been true, nothing could 
have been more natural but that these plates should be struc- 
turally identical with the deltoids of the Blastoidea, and the 
interradial a of the Cyathocrinidse, which were then held by us to 
be oral plates. 
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A very different interpretation of the so-called consolidating 
apparatus has been given to us by Dr. P. H. Carpenter, who 
regards it as representing the united muscle-plates of the radials. 
He wrote to us as follows : " I look upon the consolidating 
apparatus as offering a surface for the attachment of muscles by 
which the arms were moved on the calyx. The successive arm- 
pieces — I will not call them * joints ' — were suturally united and not 
movable upon one another, so that the arms were moved en masse 
upon the calyx, and this must have required very strong muscles 
between the calyx and first brachials. All that is ordinarily 
supposed to represent thjp articular face of the radials is shown 
in Schultze's Taf. II, fig. 5 a, while that of the arm-base appears 
on fig. *l b. Now, it appears to me improbable that the heavy, 
massive arms of Cupressocrinus were moved by muscles which 
had no further surface of attachment — at their proximal end, at 
any rate — than is shown in Fig. 5 a. Symbathocrinus has large 
muscle-plates, but there is nothing of this kind in Cupressocrinus, 
without the consolidating plates. The calyx of Phimocrinus lee vis 
(Schultze, Taf. Ill, fig. 6 a), corresponds to that of Cupresso- 
crinus, with the consolidating plates in situ. There is the same 
arrangement round the anal opening, of which there is absolutely 
no trace in Cupressocrinus , without the consolidating plates, and 
yet it is clear from Schultze's description that he regards (rightly 
as I believe) the top of the calyx to be formed of the * Gelenk- 
fiachen der Radialia,' with the anus between two of them. I 
cannot, therefore, help regarding the consolidating apparatus of 
Cupressocrinus as consisting of the united muscles-plates of the 
radials, from the lower portions of which they are apt to 
separate." This seems to us a very reasonable solution of the 
question, and we fully agree with Carpenter. We have since 
found that the plates are not interradially disposed, nor do they 
form separate pieces ; the sutures which we thought we observed 
are evidently radial sinuses, similar to those which we described 
in Symbathocrinus. 

The arm structure of Cupressocrinus was also pointed out 
more accurately by Goldfuss than by most of the succeeding 
writers. The outer and inner " Querbalken " of Schultze (Mon., 
PL 1, figs. 1 h, a, ^9), are obviously the basal portions of incurved 
pinnules, and as such the}' were described and figured by Zittel. 
These pinnules, however, in the opinion of Carpenter, are not 
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homologous with those of other Crinoids, there being six or 
more of them to each arm plate, given off from each side, in 
place of one alternately arranged, a structure similar to that of 
the so-called pinnules of the Blastoids. Also their ambulacra, 
aside from not being recumbent and forming no part of the calyx, 
resemble closely those of the latter group. By removing the 
lancet piece and side pieces in Pentremites, and exposing the 
sinus, it will be found that the inner sides of the limbs are con- 
structed almost exactly as the inner walls of the arm-grooves in 
Cupre8HOcrinu8 } as seen by a comparison with Schultze's figure in 
his Monograph, PI. ii, figs. 7 and 11. There are in both struc- 
tures deep, rounded transverse grooves, alternating with ridges 
which are truncate above, and each one of them is provided 
lengthways with a small furrow at the top. These furrows do 
not extend to the full length of the ridge, but are provided at 
their outer end with an articular facet for the attachment of a 
pinnule. The pinnules at their base do not touch laterally, but 
leave a small open space in the direction of the lateral grooves. 
These grooves form the outer half of a pore, similar to the 
hydrospire pores of the Blastoids, and like the latter probably 
are communicating in a similar manner with hydrospires, lodged, 
however, within the arm grooves and not within the calyx. 
Schultze's figures 1 h and 1 i, in our opinion, are incorrect. 
Cupre880crinu8 certainly had no such " Tentakel-Furche " as 
here represented, and we doubt if the genus possessed such 
minute irregular covering plates, either along the perisome or 
within the arms. 

Oeneric Diagnosis. — Dorsal side of the calyx basin-, cup- or 
bell-shaped, composed of rather large, heavy plates; when the 
arms are attached and closed, the form is ovoid or pyramidal. 

The basals consist of five equal, pentagonal pieces, which 
enclose an equilateral, undivided disk, formed by a coalescence 
of the underbasals, or, according to others, by the upper stem 
joint which became enlarged and as such took the place of the 
underbasals in other genera. 

Radials five, of similar form, wider than high, pentangular; 
the upper margins truncate, and forming a horizontal line. They 
are succeeded by five very short pieces, of the same width, which 
Schultze designated as " articularia " and as parts of the calyx. 
The arms are wide, simple, closely folded together, and composed 
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of a single row of from 2 to 20 heavy, transverse pieces, of which 
the upper and lower sides are parallel. The arm plates grow 
narrower and shorter at their upper ends, they are suturally con- 
nected, and sometimes so closely anchylosed that no suture lines 
can be distinguished along the lateral margins of the arms. 

The radials are connected with large muscle-plates (PL 4, fig. 
1), which are laterally anchylosed, and together form one con- 
tinuous plate. This covers the greater part of the ventral 
surface, leaving in the centre but a comparatively small, irregu- 
larly pentagonal open space, which, as we suppose from analogy 
with allied forms, was covered in the animal by interradial and 
summit plates. The median portions of each radial is pierced by 
two successive, rather large openings, of which the outer ones 
penetrate the upper margin of the plate, and serve as passages 
for the axial cords; the inner ones, which pass through the 
muscle-plate, probably are ambulacral openings. The muscle 
plate in its outer form is stellate, having five pairs of leaf-like 
extensions, two to each radial. They contain upon their outer 
faces indistinct striae, which from both sides concentrate toward 
the axial opening. The leaves become more delicate toward 
the periphery, especially interradially, where they are frequently 
broken, and the spaces, thus formed, appear in the specimens as 
if constituting natural openings. 

The articulation of the arms with the calyx was facilitated 
by the axillaria, which, like the radials, have an axial canal, 
and, according to Schultze, similar muscular processes. The 
articular face of the arms is truncate, sloping toward the inner 
side, and corrugated for the reception of ligament. The arm 
furrow is deep and wide, and contains along the inner floor an 
unusually large axial canal, which, to the extent of the proximal 
arm piece, is partitioned off from the ambulacral groove. The 
exact construction of the ambulacra is not known, but we judge 
they were plated in a similar manner as those of Symbathocrinm, 
and not membranous as described by Schultze. They probably 
also were provided with lateral pores, and these were alternately 
arranged with incurved, articulated pinnules, resembling in form 
those of the recent genus Holopus, but arranged like those of the 
Blastoids, there being four or more to each arm joint. 

Cupressocrinus has been described to possess no anal plate, 
only an anal opening, located between two of the muscle plates. 
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It has been overlooked, however, that in the two radials adjoining 
the anal opening the passages of the axial cords are placed con- 
siderably to one side, leaving sufficient space for an anal plate 
such as we find in Symbathocrinus, and whose presence we postu- 
lated in Phimocrinu8. That such a plate really existed, is more 
probable since we find in C. gracilis the margin which forms the 
anal opening at one side considerably raised, and there are 
irregular upper edges as if these had formed the base of an anal tube. 

The column is circular, triangular or quadrangular, composed 
of short joints. It contains four large peripheral canals, rarely 
three or five, and a central one, which is either confluent with the 
others or isolated. It is frequently provided with cirrhi, which 
have two canals, vertically arranged, and these also are frequently 
confluent. 

Geological Position, etc. — Cupressocrinus is only known from 
the lower portions of the Devonian of Europe. 

N. B. — Cupressocrinus dubius and C. teres A. Roemer, and C. 
pentaporus Eichwald, were described from pieces of column; C. 
calyx McCoy = ffydreionocrinus calyx (Rev. ii, p. 131); C. im- 
pressus McCoy probably is Eupachycrinus. 

18:t8. Cupressocrinus abbreviates Goldf., Nova Acta Ac. Leopold, xix, Pt. i, p. 333, 
PI. 30, fig. 4.— D'Orbigny, Prodr. i, p. 102.— Roemer, 1855, Letb. Geogn. (Ed. 
3), i, p. 232.— Schultze, 1866, Eohin. Eifl. Kalk., p. 19, PL ii, fig. 1, and PL 
iii, fig. 3. — Dujardin and Hup6, 1862, Hist. nat. Zooph. Benin., p. 112. — 
Devonian. Eifel, Germany. 

Sohnltxe recognized the following varieties : C. alta, C. granulosa, C. bybida 
and C. minor. 

Syn. Haloorinites Sohlotheimii Steininger, Mem. Soc. g£ol. de France!, p. 340, 
PL 21, fig. 1. 

Syn. Cupressoorinus Sohlotheimii Steininger, Geogn. Reschreib. d. Eifel, p. 
36, and Verstein. der Eifel, 1849, p. 21. 

Syn. C. pyrimidalis Stein., Bull. Soc. g6ol de France (Ser. i), ix, p. 295, PL 4. 

Syn. C. nodosus Sandberger, Versteiner. Nassau's, p. 401, PL 35, fig. 5. 

Syn. C. Urogalli Roemer, Palaeontgr. iii, p. 9, PL 2, fig. 7. 
1826. C. crassus Uoldfuss (Type of the genus), Petref. GermanisB i, p. 212, PL 64, fig. 
4 ; also 1838, Nova Acta Ac. Leopold, xix, Pt. i, p. 331, PL 30, fig. 1.— Agassis, 
1835, 8oc. de Neuchat. i, p. 198.— D'Orbigny, 1850, Prodr. i, p. 102.— Bronn., 
Lethsea Geogn. 1 and 2. — F. Roemer, Letb. Geogn. i, 1855 ( Ausg. 3), p. 232, PL 
4, figs 9 a, b, c— Bronn, 1860,Classen des Thierreichs ii,Pl. 28, fig. 1.— Dujardin 
and Hup£, 1862, Hist. nat. Zoopb. Echin., p. 112, PL 5, fig. 12. — Schnltso, 
1866, Mon. Echin. Eifl. Kalk., p. 23, PL 3, fig. I.— Devonian. Eifel, Germany. 

Syn. Cypressocrinus crassus Steininger, Geogn. Beschreib. d. Eifel, p. 36 and 
Versteiner. d. Eifel, p. 20. 

Syu. Cupresiocrinus rt tetragonus Goldfuss, Nova Acta Ac. Leopold, xix, Pt. i, 

p. 332, PL 30, fig. 3. 
4 
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1838. C. elongatui Goldfuss, Nova Acta Ac. Leopold, six, Pt. 1, p. 331, PI. 30 t fig. 2. 
— MUnster, 1839, Beitr. d. Petrefactenk., p. 3, PI. i, figs. 1 a, b.— D'Orbigny, 
1850, Prodr. i, p. 102.— Sohultze, 1866, Mon. Echin. Eifl. Ealk., p. 23, PI. 3, 
fig. 1. — Dujardin and Hup 6, Hist, natur. Zooph. Echin., p. 112. — Devonian. 
Eifel, Germany. 
Syn. C. gerolsteinenjii Stein, 1849, Verst. d. Eifel, 1849, p. 20. 
Syn. C. prismaticus Stein, 1849, ibid., p. 20. 
Syn. C. elongatni Stein, Geogn. Beschreib. d. Eifel, p. 36. 

1826. C. gracilis Goldfuss, Petref. Germanise, i, p. 213, PI. 64, fig. 5 : aluo Nova 
Acta Ac. Leopold. lix. Pt. I, p. 334, PI. 30, figs. 5 a, b, c (not 5 d). — Steininger, 
1849, Versteiner. d. Eifel, p. 20.— D'Orbigny, 1850, Prodr. i, p. 102.— Dujardin, 
and Hnp6, 1862, Hist. nat. Zooph. Echin., p. 113. — Schultze, 1866, Mon. 
Echin. Eifl. Kalk., p. 23, PI. 3, fig. 2.— Devonian. Eifel, Germany. 

1866. C. hieroglyphicus Sehnltze, Mon. Echin. Eifl. Kalk., p. 25, PI. 1, fig. 3.— 
Devonian. Eifel, Germany. 

1866. C. inflatus Schultze, Mon. Eohin. Eifl. Kalk., p. 24, PI. 1, fig. 2. — Devonian. 
Eifel, Germany. 

1866. C. scaber Sohultze, Mon. Echin. Eifl. Kalk,, p. 25, PI. 1, fig. 4. — Devonian. 
Eifel, Germany. 

Family XVI.— OASTEROCOMIDJE. 

The Gasterocomidae embrace the following genera : Gastero- 
coma, Nanocrinus and Myrtillocrinus. They were united by 
Pictet and by Dujardin and Hup6, with the Haplocrinidse ; lloemer, 
Schultze, Zittel and De Loriol, however, treated them as a sepa- 
rate family. 

GA8TEBOCOM A Goldfuss. 

1888. Goldfuss, Nova Acta Ac. Leopold, xix, i, p. 350. 

1858. Steininger, Geogn. Beschreib. d. Eifel, p. 38. 

1857. Miiller, Neue Echin. Eifl. Kalk., p. 257. 

1857. Pictet, Traite* de Pal6ont., iv, p. 314. 

1862. Dujardin and Hupe*, Hist, natur. des Zooph. Echin., p. 109. 

1866. Schultze, Mon. Echin. Eifl. Kalk., p. 95. 

1879. Zittel, Handb. d. Pal® on t, i, p. 363. 

Syn. Oeramocrinus Miiller, 1855, Verh. naturh. Vcrein f. RUcinlande, 
xii (n. ser.), p. 83. 

Syn. Epaciocrinus Miiller, 1855, ibid., p. 84. 

Qa8terocoma was described by Goldfuss to be composed of five 
basals and five radials, the latter as enclosing laterally an anal 
plate, and the anal opening as being located next to the posterior 
basal. This definition, although substantially correct, was after- 
wards modified by Schultze. He found that among species, and 
even among individuals of the same species, the construction of 
the azygous side undergoes most remarkable variations ; such as 
in other groups would be sufficient for generic separation. The 
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anal opening in this genus, as a rule, is located between the 
radials. It either lies directly above the posterior basal, and is 
followed by a quadrangular or triangular anal plate, or the open- 
ing is situated above the anal plate. In the former case the two 
posterior radials may close above the opening, or be separated 
from one another by additional plates ; the opening may even 
penetrate exceptionally the posterior basal. Muller's genus 
Ceramocrinus, according to Schultze, was founded upon a speci- 
men in which the anal plate was placed above the opening, con- 
trary to the typical form of Goldfuss, in which it was below. The 
name JSpactocrinus was proposed for a specimen with very irreg- 
ular basals, portions of which evidently had been destroyed or 
fractured, and were restored by the animal, and this may have 
produced the irregular form. The construction of the ventral 
side cannot be satisfactorily ascertained from Schultze's figures. 
His figs. 1/, and 1 1, on PI. xii, which are said to represent the 
ventral surface of Gasterocoma antiqua, are so different from one 
another, that we believe there is a mistake in the figures. These 
figures differ again essentially from fig. 5 6, which is said to 
represent the same parts in Gasterocoma gibbosa. 

Generic Diagnosis. — The lgwer disk has the form of a 
pentagon, and extends somewhat beyond the column. It is 
surrounded by five basals, four of them equal, pentagonal ; the 
fifth larger, hexagonal, truncate above. 

Radials five, pentangular ; three of them are equal, the two 
next to the azygous side irregular. The two latter enclose later- 
ally not only the anal plate, but also the anal opening, which is 
surrounded by a single ring of small plates, and either rests upon 
the truncated upper face of the larger basal, or is separated from 
the latter by an anal plate. In either case the anus, as a general 
rule, is succeeded by one or more anal pieces, which, however, in 
some specimens do not extend to the upper end of the radials, 
and in this case the radials meet above the anal plates. The 
radials have a lateral articular facet of the horseshoe form, which 
extends deeply into the plate. It is notched above for the arm 
furrow, and pierced by a large axial canal, which is removed far 
off from the outer edge of the plate. The arms evidently were 
heavy, and, to judge from the facets, were probably pendent. 

The mouth of Gasterocoma, according to the position of the 
central piece, was excentric. This central — or, as we call it, oral — 



184 108 

plate abuts against the two posterior radials; it is large, 
heavy, somewhat elongate, and surrounded anteriorly and later- 
ally by what may prove to be four proximals (?). The inter- 
radial plates appear to be small, but may be partly hidden from 
view by the large covering plates. 

The form of the column is not known, but it was, like in 
Cupressocrinus, perforated with a central canal and four per- 
ipheral ones, which were confluent at the centre. 

Geological Position, etc. — Confined to the Devonian of the 
Eifel. 

The following species have been described : — 

1838. Gaitorocoma antiqna Goldf. (Type of the genu's), Nova Acta Ac. l^eopold. XIX, 

i, p. 96.— Pictet, 1857, Traits de Paleont., iv, PI. C, fig. 7.— Schultze, 1866, 

Eohin. Eifl. Kalk., p. 96, PI. 12, fig. 1.— Devonian. Eifel, Germany. 

Syn. EpaotocriMLI Irregularis MUller (Wirt gen and Zeiler), 185o, Verb, 
natnrh. Verein. f. Rheinl., xii, p. 85, PI. 12, figs. 5-8. 
1866. 0. gibboia Schultte, Echin. Eifl. Kalk., p. 98, PI. 12, fig. 5.— Devonian. 

Eifel, Germany. 
1866. 0. MfUleri SchulUe, Echin. Eifl. Kalk., p. 99, PI. 12, fig. 2.— Devonian. 

Eifel, Germany. 

Syn. Ceramoorinui eiflieniii MUller (Wirtgen and Zeiler), Verh. naturh. 
Verein f. Rheinlande, xii, p. 83, PI. 12, fig. 2. 
1866. 0. retioularii Sohultie, Echinod. Eifl. Kalk., p. 99, PI. 12, fig. .1.— Devonian. 

Eifel, Germany. 
1866. 0. Itollaril Schultte, Echin. Eifl. Kalk., p. 100, PI. 12, fig. 4.— Devonian. 

Eifel, Germany. 

NANOCBINUS MUller. 

1856. M uller, Monateber. d. Berl. Acad., p. 355. 

1857. MOller, Neue Echinod. Eifl. Kalk., p. 240. 
1866. Schultze, Monog. Echin. Eifl. Kalk., p. 102. 
1870. Zittel, Handb. d. Palseontolojie, i, 364. 

Nanocrinu8 is very closely allied to Gasterocoma, and had not 
Schultze found six specimens which ail have the same irregular 
structure, we should feel inclined to regard it an abnormal form 
of that genus. According to Schultze, the genus has five basals, 
but only four radials ; the place of the fifth one is said to be 
occupied by an interradial. The latter is strictly radial in posi- 
tion, and as such should be designated as a non-arm -bearing 
radial. 

Generic Diagnosis, — Basal cup as in Ganlerocoma, but the 
plates less regular; four of them pentagonal, the posterior one 
considerably higher, hexagonal, truncate above. 
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Radials five, large, irregular in size, four of them arm-bearing, 
the fifth one not. The articular facet is lateral, horseshoe-shaped, 
and occupies almost the whole outer face of the radials. Three 
of the plates have a single facet, but the fourth, which is an 
axillary, has two, somewhat smaller than those of the others. 
The non-arm-bearing radial is smaller by more than one-half than 
any of the rest; it is hexagonal or trapezoidal, and sometimes 
altogether absent. The anal plate is placed between the lateral 
faces of two radials, and rests upon the truncate upper face 
of the larger basal. It is subquadrangular, somewhat excavated 
for the anal opening, which generally occupies the upper portion 
of the anal plate, occasionally, however, as in Gasterocoma, the 
lower side of it. The form of the arms is unknown. 

The inter radials appear to be small, but probably are partly 
hidden from view by the unusually large covering pieces, which 
occupy the greater part of the ventral surface, and rest against 
the oral plate, which is extremely large, there being no proximals. 
The column, like that of Gasterocoma, is provided with a central 
canal and four peripheral ones. 

The only known species is : — 

1856. VinooiintU paradoxal M tiller, Monatsber. d. Berl. Acad., p. 355 ; also Neue 

Echin. d. Eifl. Kalk.. 1857, p. 249, PI. 2, figs. 18-21. — Schultze, 1866. Echin. 
Eifl. Kalk.. p. 102, PI. 12, fig. 7.— Devonian. Eifel, Germany. 

MYRTILLOCRINU8 Sandberger. 

1855. Sandberger, Vereteiner. Nassau's, p. 388. 

1857. Pictet, Traits de Pateont, iv, p. 311. 

1862. Dujardin and Hupe", Hist, natar. des Zooph. Echinod., p. 108. 
1862. Hall, 15th Rep. N. York St. Cab. Nat. Hist, p. 142. 
1866. Schultze, Mon. Echin. Eifl. Kalk., p. 96. 

We have not seen the original description of this genus, but 
we infer from the notes of Pictet, Schultze and Hall, that Sand- 
berger described it to possess a quinque-partite, quadri-canalicu- 
late base. In his figure it seems the central part was represented 
as undivided, and, curiously enough, the same is the case with 
Hall '8 figure of the American species, although he mentions in 
the description " five basals and five subradials." We cannot 
understand how a base like this could have been divided into five 
parts — not four — aud, therefore, prefer, in default of further evi- 
dence, to regard it as undivided, although we are well aware that, 
if any such division did exist, it would prove most satisfac- 
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torily that also the lower plate in the allied genera is under- 
basal. Myrtillocrinus, in our opinion, is closely allied to Gas- 
terocomaj if not identical with it, but it is possible that the anal 
opening which has not been observed was subcentrai, in place of 
lateral. It also appears from Hall's figure, as if it had two arms 
from each ray , although there is but one axial canal, which occupies 
the central space of the facet. The facet in Hall's species is oval 
and strictly lateral, thus indicating that the arms were pendent. 

Geological Position, etc, — Only two species are known, the 
one from Europe, the other from America, both coming from 
lower Devonian beds. 

1862. Myrtilloorinnf amerioanm Hall, 15th Rep. N. York St. Cab. Nat. Hist., p. 
142, PI. 1, figs. 2-4. — Upper Helderberg group. Livingston Co., N. Y. 

1855. M. elongatui Sandberger (type of the genus), Verstein. Nassau's, p. 388, PI. 
35, fig. 6. — Pictet, Traite" de Pallont., iv, p. 311, PI. o, fig. 4. — Dujardin and 
Hup6, 1862, Hist, natur. d. Zooph. Echinod., p. 108.— MUller, 1857, Neue 
Echin. Eifl. Kalk., p. 257. — Devonian. Nassau, Germany. 

b. Branch, FISTULATA, W. and Sp. 

The Fistulata embrace the Cyathocrinidae as they were defined 
by us heretofore, but which we now subdivide into Hybocrinidae, 
Heterocrinidae, Anomalocrinidae, Cyathocrinidae and Poterio- 
crinidae. To these we add the Belemnocrinidae, Astylocrinidae 
and Encrinidee. 

Zittel defined his Hybocrinidae as follows : Calyx irregular ; 
basis monocyclic ; basals 5 ; radiais 5 ; arms slender, single- 
jointed ; pinnules wanting ; and he placed in the family : Hybo- 
crinus and Anomalocrinus. His definition is deficient and not 
quite correct. It would admit Pisocrinus and Bhopalocrinus, 
which we recognize as members of very different groups ; and it 
actually excludes Anomalocrinus, which has seven plates in the 
radial series and not five, and strong pinnules, which are wanting 
in Hybocrinus. 

Hybocrinus represents a very peculiar form. No other palaeo- 
zoic Crinoid deserves in so high a degree the designation embry- 
onic type as this genus, Hybocystites and the allied genera 
Hoplocrinus and Bserocrinus, which Zittel took to be synonymous 
with Hybocrinus. These four genera, which are easily recog- 
nized by their monocyclic base, large body, imperfectly developed 
radial plates, small ventral sac, the embryonic state of their arms, 

/ 
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and the absence of pinnules, will be recognized by us as Hybo- 
crinidae. 

Among the Heterocrinidae Zittel placed Heterocrinus,Graphio- 
crinus, Erisocrinus, Philocrinus and Stemmatocrinus. 

The family was defined as follows : Calyx regular ; base mono- 
cyclic or dicyclic (five underbasals and five basals, or the latter 
only); five radials ; arms long, simple, rarely bifurcating. The 
qualification " calyx regular " cannot be applied to Heterocrine , 
which is one of the most asymmetrical forms of the Palaso- 
crinoidea, and this want of symmetry extends not only to the 
interradiai series but also to the radial plates, and forms its best 
generic distinction. 

Neither does that term apply to Graphiocrinus, which is 
bilateral, nor Philocrinus, which we think is decidedly irregular. 
Only Stemmatocrinu8 and Erisocrinus have a pentamerous calyx, 
but these agree in other respects with the Poteriocrinidae. 
HeterocHnus, in its general asymmetry, in arms and pinnules, 
and in its azygous side, closely resembles Anomalocrinus, which 
for other reasons we refer to a distinct family. We add to the 
Heterocrinidae the two genera Stenocrinus and Ohiocrinu8 1 which 
are founded upon species heretofore ranged under Heterocrinus y 
and unlike Zittel, place Graphiocrinus, Philocrinus, Stemmato- 
crinu8 and Erisocrinus under the Poteriocrinidae. 

Anomalocrinus, which we make the type of a distinct family, 
stands closer to the Heterocrinidae than to the Hybocrinidae, but 
differs from either of them very essentially in the relative size of 
the calyx, which is comparatively large, and low-eup or saucer- 
shaped in place of subcylindrical or narrowly turbinate. It 
further differs from all known Crinoids, recent or fossil, in the 
arrangement of its pinnules, which are not given off alternately 
from opposite sides, but from every successive joint on one side 
at a time from one bifurcation to the next, where they change on 
both rami to the opposite side. In the arrangement of the anal 
plates, and in having no underbasals, the Anomalocrinidae agree 
with the Heterocrinidae. 

The Belemnoerinidae, which only contain Belemnocrinus and 
the imperfectly known genus Holocrinus, differ from the preced- 
ing families in having no underbasals ; they have, however, large 
basais, cylindrically arranged, but even these take little or no 
part in forming the visceral cavity. In this regard Belemno- 
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crinu8 resembles Rhizocrinus, but it differs from that in having 
a strong porous ventral sac. 

Zittel's Cyathocrinidse include Cyathocrinus, Nipterocrinus^ 
Barycrinus^ Euspirocrinus, Ophiocrinus, Botryocrinus^ Palseo- 
crinuSj Carabocrinus, Sphserocrinus and Pachyocrinus (Billings, 
not Eichwald), with the following family diagnosis : Calyx 
globose; basis dicyclic, composed of five underbasals and five 
basals ; anals 1-3; arms strongly developed, single-jointed, long, 
branching, without pinnules ; ventral side covered by " oral 
plates." From his list must be excluded Nipterocrinus, which 
has interradials and only three underbasals, and Pachyocrinus, 
which is too imperfectly known to determine its position. There 
are besides Sicyocrinus, Ophiocrinus^ Botryocrinus and Bary- 
crinus, in which the arms, throughout their whole length, give 
off armlets at intervals, which evidently take the place of pin- 
nules if they are not true pinnules themselves. We direct atten- 
tion to this point, as both Zittel and De Loriol make the absence 
of pinnules in the Cyathocrinidae the sole distinction between 
this family and the Poteriocrinidae. 

The presence or absence of pinnules has been considered by 
us heretofore as a doubtful character for distinguishing families. 
The pinnules are extensions of the arms, and in their organiza- 
tion, both morphologically and physiologically, almost identical 
with the arms. They are short branchlets given off along the 
sides of the arms, but ordinarily not extending to their tips. 
The pinnules differ from arms only by their containing the fertile 
portions of the genital glands, while the arms lodge the genital 
cord. The branches of the arms may be said to be modified 
pinnules, which differ from true pinnules in their greater length 
and thickness. They are usually called arms when attaining the 
form and length of the primary arms, but armlets when shorter, 
less robust, and given off at regular intervals. Frequently the 
branches are pinnule-bearing again, and this is the case in the 
Poteriocrinidae, in which ail arms, whether branching or simple, 
main arms or side arms, are fringed with true pinnules. The 
presence or absence of pinnules would prove to be a much better 
character for distinguishing the two groups, were it not that 
BarycrinuB and allied genera represent a most perplexing transi- 
tion form in having short side branchlets, given off at regular 
intervals, and these branching off once or twice again in a similar 
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manner. In these genera it is exceedingly difficult to determine 
whether the branches are armlets or pinnules, a question which 
cannot be decided definitely until we know where the genital 
glands are located. It is probable that in the genus Cyathocrinus, 
at least in its Carboniferous form, all branches were arms. We 
found in G. multibrachiatus, along the three or four proximal 
arm joints, outside the adambulacrai or side-pieces, small plates 
in rows of from four to six pieces (PI. 4, fig. 7 a, b) y succeeding 
each other longitudinally, which perhaps took the place of the 
genital pinnules. No such plates, however, were represented in 
Barycrinu8 y in which the ventral grooves are comparatively 
narrow. Cyathocrinvs longimanus has no regular pinnules, but 
certain sabre-shaped appendages, composed of five segments, 
which from each side infold over the ventral furrow, covering it 
completely. These appendages which we (Rev., i, p. 25) erro- 
neously took to be rudimentary pinnules, 1 perhaps correspond 
with the so-called " pinnules " of the Cupressocrinidae and Blas- 
toidea. 

Another good distinction between the Cyathocrinidae and 
Poteriocrinidae is offered by their mode of articulation. The 
radials of the former have horseshoe-like facets for the brachials ; 
in the Poteriocrinidae they are more or less truncate along the 
upper margin, and united with the brachials by a transverse ridge, 
occupying a median line and frequently their entire width. The 
middle part of this ridge is pierced by an axial canal, and there 
is a kind of muscle plate with more or less conspicuous fossae. 
The outer edge of the plate is dentated and evidently was occu- 
pied by ligamentous bundles. In the Cyathocrinidae the arms 
are always bifurcating, and their branches are given off at close 
intervals ; those of the Poteriocrinidae are frequently simple from 
the brachial bifurcation upwards, but when bifurcating, the 
divisions are given off irregularly, and branches and main arms 
bear pinnules alternately from every joint ; there being no syz}*- 
gies. The arm joints of the former, with the exception of Bary- 
crinus, are composed of long, slender joints with almost parallel 
sutures ; those of the latter are shorter, heavier and strongly 
wedge-shaped, even interlocking. The same mode of articulation 



1 A similar interpretation at that time was given by us of the ambulacral 
plates covering the arm furrows of Cyathocrinvs iow&nsis, a mistake which 
was rectified by Carpenter (Chall. Rep., pp. 03-06). 
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that unites radials and brachials, extends to all bifurcating 
plates of the Poteriocrinidae. In Erisocrinus, Eupachycrinus 
and Qraphiocrinus, species with ten arms, it is found also among 
the proximal arm plates, not, however, in the allied Scytalocrinus 
and Decadocrinm, in which all arm plates above the brachials 
are united by suture or elastic ligament. The same was prob- 
ably the case in species with branching arms, in which all inter- 
mediate joints between the axillaries are without either ridges or 
fossae. A sutural union also connects the brachials in cases 
where they consist of more than one plate, the apposed faces 
showing no traces of a syzygy or fossae. In the arms of the 
Cyathocrinidae there are, so far as observed, no articular ridges 
nor axial canals, and no ligamentous fossae, not even between 
radials and brachials, nor upon the axillaries. The apposed 
faces of all their joints fit closely together, the distal end being 
slightly concave, the proximal to the same degree convex, so 
that we may assert that their mode of union has been either by 
suture or of a somewhat similar nature, and that the arms were 
either immovable or their motions limited, and probably of a 
mere passive character. This difference in the articulation of the 
two types was noticed by J. S. Miller when describing the typical 
genera, for he placed Cyathocrinus separately among Inarticulata, 
and Poteriocrinus among Semiarticulata. These names, as 
applied to the rays, are very characteristic of the two groups, 
for the Poteriocrinidae are in their articulation much more highly 
differentiated, approaching in some cases the Neocrinoidea, 
Miller's Articulata. 

In none of the Poteriocrinida? has the ventral covering, with 
the exception of the so-called ventral sac, ever been observed, 
while that of the Cyathocrinidae is comparatively well known. 
This, however, is partly explained by the condition of the radials, 
which in the Cyathocrinidte had ample space for the reception of 
interradials, contrary to the Poteriocrinidae, in which the articu- 
lation extends over the whole width of the radials, and the inter- 
radials, partly or wholly, had to rest against the muscle plates as 
in the Symbathocrinidte. In the Cyathocrinidae the interradials 
were persistent through life, but they may have become resorbed 
in the Poteriocrinidae before reaching maturity. The condition 
of the ventral side among the Cyathocrinidae varies considerably, 
and even among the species now referred to the genus Cyatho- 
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crinus there are several which range infinitely lower than others, 
and these should be placed under new genera. 

The azygous side of the Cyathocrinidee consists rarely of more 
than two plates in the calyx — the azygous plate and the anal 
piece ; but the Poteriocrinidae generally have three, owing to the 
fact that the first plate of the ventral tube extends often into the 
calyx. The ventral sac is perhaps more club- or balloon-shaped 
in the Poteriocrinidae, more cylindrical in the Cyathocrinidae. 

We subdb ide the Cyathocrinidae into : 

Dendrocrinite8, genera with a large azygous and well-developed 
anal plate, embracing : Merocrinus, Carabocrinus, Dendrocrinus, 
Homocrinus, Ampheristocrinus and Parisocrinus. 

Botryoorinites, genera having no special azygous plate or 
occasionally a rudimentary one, and armlets in place of pinnules: 
Atelestocrinus, Vasocrinw, Botryocrinus, Sicyocrinus, Streblo- 
crinu8 and (?) Bary crinus. 

Cyathoorinites, genera without azygous plate, with branching 
arms without pinnules : Cyathocrinus, Arachnocrinus, Gisso- 
crinus, Sphssrocrinus, Achradocrinus, Codiycrinus and (?) 
Lecythiocrin us. 

Zittel placed Gissocrinus among the Taxocrinidae, the perfectly 
symmetrical Codiacrinus among the most unsymmetrical Gastero- 
comidae, and Ophiocrinus, Dendrocrinus and ffonwerinus, which 
are devoid of true pinnules, among the Poteriocrinidae. 1 

We subdivide the Poteriocrinidse as follows : 

Poteriocrinites, genera having an azygous plate, a regular anal 
piece, and the first plate of the ventral sac enclosed in the calyx : 
PoteriocrinuSjScaphiocrinas, Scytalocrinus, Decadocrinus, Woodo- 
crinus, Zeacrinus, Hydreionocrinus, Cceliocrinus, Eupachy crinus, 
Cromyocrinus and Tribrachiocrinus. 

Graphiocrinites, genera without azygous or anal plate, but 
the first plate of the sac within the limits of the calyx : Graphio- 
crinus^ Bursacrinus, Phialocrinus and Ceriocrinus. 

Erisocrinites, genera without azygous or anal plate dorsally : 
Erisocrinus and Stemmatocrinus. 



1 Prof. Zittel figures, Ilandb. d. Palaeont., i, p. 359, as type of the Poterio- 
crinidiB a species devoid of pinnules. Pottrioir. curtus Muller, is evidently 
a Homocrinus. 
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Our Poteriocrinidte contain essentially the same genera as those 
of Zittel, but we except from his list Homocrinus, Dendrocrinus, 
Aga88izocrinu8 and Bdemnocrinu*. For the two latter we pro- 
pose distinct families. 

The Encrinidae are closely allied to the Poterocrinidae, and we 
think will ultimately be consolidated with them. Nothing, as yet, 
is known of their ventral structure, but neither of that of the 
Poterocrinidae except their ventral tube. There is nothing which 
proves that the ventral surface of Encrinua was composed of soft 
parts, or that it was exclusively perisomic or differed from that 
of the Poteriocrinidae which are universally regarded as Palaeo- 
crinoids. The only difference which we have discovered is that 
in the Encrinidae the brachials are united by syzygy and also 
the proximal arm plates ; contrary to the Poteriocrinidae in which 
syzygies, so far as known, do not occur. 

Among Astylocrinidse, which represent the free floating Palaeo- 
crinoidea, we include Agassizocrinus and Edriocrinus, the former 
with underbasals, the latter with basals only. It is very possible 
that Edriocrinus will prove to be the type of a distinct family. 

The Gatillocrinidx contain: Catillocrinus and Mycocrinus. 
The allied Calceocrinidae only the genus Calceocrinas. 

These ten families are defined by us as follows : — 

A. Hybocrinid^. Base monocyclic ; calyx large compared 
with the arms. Basals 5, unusually large. Radials irregular, the 
postero-lateral one either unrepresented or very much smaller, and 
sometimes non-arm-bearing. Arms frequently undeveloped in 
one or more rays, or recurrent and appressed onto the outer 
surface of the calyx; simple, and without pinnules. Azygous 
side composed of a single, large azygous plate, and frequently an 
anal piece, which in form resembles the right posterior radial. 
Ventral sac very small, consisting of a mere tumor-like protu- 
berance. 

B. Heterocrine*:. Base monocyclic. Calyx small ; plates 
irregular. Basals 5, variable. Radials irregular, frequently com- 
pound in one or more rays ; the right posterior radial smaller, 
resting upon the azygous plate. Brachials consisting of two or 
more pieces, united by syzygy. Of the succeeding arm joints 
only every second, third or fourth one pinnule-bearing. Azygous 
plate large ; anal plate consolidated with the right posterior 
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radial, which toward the left supports a series of anal plates ; 
toward the right the brachials. Arms long ; the pinnules some- 
times take the form of arms, and attain the same general height. 
Column tri- or quinque-partite. 

G. Anomalocrinidje. Base monocyclic. Form irregular. Calyx 
capacious. Azygous plate large ; supporting the right posterior 
radial, which toward the right is succeeded by a row of brachials, 
and toward the left by the ventral tube. Arms composed of large 
quadrangular joints, giving off pinnules from one side only, from 
one bifurcation to the next, when all pinnules change to the oppo- 
site side. Column strong, central canal wide, stelliforra, its pro- 
jecting angles directed interradially. 

D. BELEMNOCRiNiDiE. Base monocyclic. Basals large ; cylin- 
drical ; solid, only pierced by a narrow central canal with a shal- 
low concavity at its upper end. Radials small, quadrangular, 
enclosing an anal plate of the same form. Ventral sac large, 
club-shaped. Arms long with numerous syzygies, only every 
second or third joint pinnule-bearing. Pinnules long, often 
bifurcating. Column round or pentangular, frequently with long 
cirrhi given off interradiall}\ 

E. Cyathocrinid^:. Base dicyclic. Calyx globose, rarely 
turbinate. Radials with horseshoe-like lateral facets supporting 
at least two, but frequently several more brachials. Arms without 
true pinnules, but with branches in regular succession to their 
tips. Arm joints with a few exceptions long and narrow; quad- 
rangular with almost parallel sides ; united either by suture or 
ligament, apparently not by muscles. Ventral sac large, cylin- 
drical. Column round or pentagonal ; central canal rather above 
medium size, pentagonal, the projections directed radially. 

F. PoTERiocRiNiDi*:. Base dicyclic. Calyx deep and turbi- 
nate, or shallow and disk-like, owing to the form of the under- 
basals, which are either extended into a cup, or are turned inward 
and concave. Radials somewhat irregular, of variable size, the 
right posterior one generally smaller ; all truncated at the upper 
face. Brachials one or two, connected bj* suture ; the lower or 
proximal face truncate. Arms simple or branching, with pinnules 
alternately arranged from every joint; without syzygy. Arm 
joints cuneate or interlocking. Articulation between brachials 
and radials by muscles and ligament, and also between the upper 
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faces of all axillaries and succeeding plates. Ventral sac large, 
frequently inflated. Column more or less pentagonal, its outer 
angles placed inter radially, the cirrhi radially. 

Q. Encrinhx*. Dicyclic. Closely allied to the Poteriocrinidw, 
but, as a ruZe, without anal plates. Basals with well-developed 
axial canals proceeding to the radials. Their brachials com- 
posed of two pieces, united by syzygy, frequently with other 
syzygies in the higher portions of the arms. Arms biserial^or 
uniserial. 

S. Astylocrinid^j. Pedunculate in earlier life, detached from 
the column and free-floating in the adult, but notcirrhus-bearing. 
Plates of the calyx massive, and hence the visceral cavity com- 
paratively small. XJnderbasals present or absent, and also the 
azygous piece is sometimes wanting ; while the anal plate is 
always well developed. 

7. CATiLLOCRiNiDiE. Base monocyclic. The pentamerous sym- 
metry greatly disturbed by the unequal size of the radials. Those 
of the antero-lateral rays much larger and supporting many more 
arms. Arms simple ; composed of single joints resting directly 
upon the radials, with a separate socket for each arm, and a furrow 
for each ambulacrum. Anterior ray, and both posterior rays 
rarely with more than one arm each. There is no azygous nor 
special anal plate, one of the posterior radials supports towards 
the left a large ventral tube, composed of a single row of heavy 
curved plates, longitudinally arranged, with an open furrow along 
their inner, t. e., ventral side. Column circular. 

J. CalceocriniDjE. Base monocyclic. Calyx laterally de- 
pressed ; hanging downward from the column ; composed of 
three unequal basals, three arm-bearing radials, and two azygous 
radials without arms. Basals and radials united by ligament, 
and toward the anterior side by muscles also. In the normal 
position of the crinoid, the basals are located posteriorly, 
and the three radials at the opposite side. Anterior radial 
smaller, compound ; composed of two pieces, which frequently 
are separated by the overhanging sides of the two lateral radials. 
Arms of the lateral rays more numerous and branching ; anterior 
ray with a single arm, which sometimes dichotomizes toward the 
upper end. Anal tube as in the Catillocrinidae. 
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Family XVII.-HYBOCRINID2E Zittcl. 

(Emend. W. and Sp.) 

BAEE0CEINU8 Volborth. 

1864. Volborth, Eine neue Crinoideen Gattung. (Author's copy, p. 35). 

1865. Volborth, Bulletin St. Petorsb. Acad., vol. viii, p. 178. 

1866. Volborth, Bulletin Soc. Imp. de Nat. de Moscow, ii, p. 442. 

1867. Grevingk, Archiv. f. Naturkunde Liv.-Ehst. und Kurlands, Scr. I, 

vol. iv, p. 110. 
18C7. Grevingk, Uber Hybocrinua dipentas and Baeroer. Ungarni, Dorpat, 
p. 14. 

1882. P. Herb. Carpenter, Quart. Journ. Geol. Soc. London, August, 

pp. 298 312. 

1883. W. and Sp., Amer. Jour. Sci., vol. xxvi, November, p. 365. 

Syn. Homoerinus Eichwald (in part), 1865-66 ; Hybocrinut 
Schmidt (in part), 1874 ; Zittcl (in part), 1879. 

The genus Baerocrinus has been a subject of much controversy 
ever since 1864, owing to doubts whether the genus should be 
admitted or rejected. It is unnecessary to give again, a full 
history of these controversies, for which we refer to Dr. P. H. 
Carpenter's paper " On the Relations of Hybocrinus, Baerocrinus 
and Hybocystites" and to our notes " On Hybocrinus, Hoplo- 
crinus and Baerocrinus" in the American Journal, of 1883. 
Carpenter agrees with us and with Volborth and Grevingk that 
Baerocrinus is a good genus, and not, as suggested by Eichwald 
and Schmidt, an abnormal specimen of Hybocrinus dipentas. 
There has been also much difference of opinion as to the meaning 
of certain plates. The type specimen has on its surface, along 
the basi-radial suture, and between two of the plates within the 
second or so-called radial ring, a peculiar structure, composed of 
numerous, irregular pieces, and upon this, principally, Volborth 
founded the genus. He took this structure to be a raadreporic 
body ; while Grevingk, Eichwald and Schmidt held it to be an 
accidental break in the test, due to mechanical agencies. Car- 
penter considered it to be the regular anal opening. He pointed 
out that it had the position of the anus in the Pentacrinoid larva 
at its earlier phases. 

We stated in our paper that wc did not agree with any of those 
views. We think it possible that this structure may have served 
as an anal opening, but as an abnormal .one, which had opened 
out when the regular opening became functionally defective. 
We also differ from other authors in our interpretation of the 
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plates. Those of the second circlet have been regarded all five as 
radiate, and the calyx to the top of the radials as being perfectly 
symmetrical. It looks to us unreasonable, when we compare 
Baerocrinus with Hoplocrinus and Hybocrinu8,.SLiid finding their 
structure in other essential points almost identical, that the one 
genus should be almost perfectly symmetrical, the other ex- 
tremely irregular. And, therefore, it is probable that one of the 
non-armbearing so-called radials represents an azygous plate, such 
as we find in most of the Fistulata, that the right posterior radial 
and the anal plate were as yet undeveloped, and that Baerocrinus 
had but four radials. This interpretation of the plates, it seems to 
us, is corroborated by the gradual disappearance of the azygous 
plate among allied forms in paheontological times, and by the 
contemporary increase in the dimensions of the right posterior 
radial and the anal plate. The two latter pieces probably were 
absorbed from the azygous plate: at first the posterior radial, 
which in Hoplocrinus took the right upper corner, the left side 
remaining intact ; afterwards in Hybocrinus the anal piece, which 
absorbed the left corner of the plate also. 1 

All this goes to prove that Baerocrinus represents a very low 
organization, or is, according to P. H. Carpenter, " a permanent 
larval form." 

Revised Generic Diagnosis. — Form of the calyx cup- or goblet- 
shaped. Underbasals wanting. Basals five, subequal and com- 
paratively large. 

Radials large, irregular, only four of them developed, the right 
postero-lateral one absent. Three of the plates equal, the fourth 
one narrower. A large azygous plate occupies the same range 
with the radials and, like these, rests alternately upon the basals. 
It is undivided, and resembles the radials in form. In the t}*pe 
specimen only three of the radials are arm-bearing, the smaller 
one not having even an arm-facet. Arms five, simple throughout, 



1 In our paper on Hybocrinus, Hoplocrinus and Baerocrinus, we stated 
that probably the azygous plate of the latter was homologous with the 
anal plate as represented in the laiva of Antedon. In making this state- 
ment we had overlooked the fact that the latter plate is simply an inter- 
radial with special function, while the azygous plate in Baerocrinus is as 
much radial as interradial. They both agree, however, in being absorbed 
by other plates ; the azygous plate palseontologically hy the right posterior 
radial and anal plate, the other in the growing animal over the whole 
surface. 
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composed of single quadrangular joints and destitute of pin- 
nules ; the ventral grooves lined by alternate plates. Form of 
the anus, ventral covering and length of arms unknown. 

Remarks. — In our analysis, we have taken the absence of the 
right posterior radial to be a fixed character. It is, however, 
possible that this plate was exceptionally undeveloped in the 
type specimen, and in this case Baerocrinus Ungerni, the only 
known species of the genus, must be placed under Hoplocrinus. 

1864. Baeroorinui Ungerni Volborth, Bull, de l'Acad. des Sci. de St. Petersburg of 
1865, tome viii, p. 178, with plate (adv. sheet), November, 1864, p. 37. — 
Eichwald, 1859, described and figured under the name of Homoor. dipentat 
Lethteca Ross., v, p. 183; and 1865, Bull, de Mosoou, iii, p. 160. — Volborth, 
1865, Baeroor. XTngerni, Bull, de Moscou, iv, p. 442. — Eichwald, 1866, 
Homocr. dipentat, Bull, de Moscou, i, pp. 149-161, PI. 8, fig. h. — Grevingk, 
1867, Baeroor. XTngerni, Ueber Hoploor. dipentai and Baeroor. XTngerni, 
with plate; also Arch. f. Naturk. Liv. Ehst. and Eurlands, Ser. I, vol. iv, p. 
110. — Schmidt, 1874, Hyboorinui dipentai, Memoires de l'Acad. Imp. des 
Sci. de St. Petersb., Ser. vii, tome xxi, No. 11, p. 3, PI. 1, Figs. 1-2. — P. 
Herb. Carpenter, 1882, Baeroor. XTngerni, Quart. Jour. Geol. Soc. London 
(August), pp. 298-312.— W. and Sp., 1883, Baeroor. XTngerni, Amer. Jour. 
Sci., vol. xxvi, November, p. 365. — Brandschiefer, Lower Silurian. Erras, 
Russia. 

HOPLOCBINXT8 Grevingk. 

1867. Grevingk, Ueber Hoplocr. dipentai and Baerocr. Ungerni, p. 9. 
1867. Grevingk, Arch. f. Naturk. Lie v. -Ehst. und Eurlands, Ser. I, vol. 

iv, p. 110. 
1888. W. and Sp., Amer. Jour. Sci., vol. xxvi, November, p. 365. 

Syn. Apioerinus, 1843, Leuchtenberg ; 1856, Eichwald. — Homo- 
crinui, 1859, Eichwald.— Eybocrinus, 1864, Volborth ; 1874, F. 
Schmidt ; 1879, Zittel ; 1882, Carpenter. 

Volborth, F. Schmidt, Zittel and Carpenter have made Hoplo- 
crinus a synonym of Hybocrinus, although they admit that the 
two forms differ in the construction of their azygous side. We 
have heretofore directed attention to the fact that the differences 
in the number and arrangement of the azygous and anal plates 
have been generally regarded as good characters for distinguish- 
ing genera, and especially among the Gyathocrinidse and allied 
families in which those plates frequently form the only means 
for generic separation. That the one azygous plate in Hoplo- 
crinus is equivalent to the two in Hybocrinus, which we have 
fully admitted, does not warrant an exception in this case, as the 
differences in the arrangement of the respective plates are 
evidently the result of modifications from one to another. We, 
therefore, accept Grevingk's genus, and give the following — 
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Generic Diagnosis. — General form pyriform, more protuberant 
upon the azygous side. Calyx composed of five basals, four 
large radials, and a large azygous plate. The latter with its left 
side extending to the upper margins of the four large radials, its 
sloping right side supporting the fifth radial, which is small and 
triangular, and, taken jointly with the azygous piece as one plate, 
the two resemble in form the four large radials, only that the 
arm-facet is pushed to one side. 

Basals large, pentagonal, nearly equal in size. Four of the 
radials pentagonal, the smaller one subtriangular, resting upon 
the right sloping upper side of the azygous plate, which is 
irregularly pentagonal. Arm-facets occupying scarcely one-third 
of the width of the radials. Arms simple, without pinnules ; 
composed of quadrangular joints, arranged parallel to each other. 
Column cylindrical. 

The only known species is : 

1843. Hoploorinui dipentai Leuchtenberg (Apiocrinui dipertas), Beschreibung 
neuer Thierreate d. Urwelt von Zarskoje. Selo, p. 17, Tab. ii, figs. 9-10; 
also Eichwald, 1856, Bull, de Moscow, i, p. 115. — Homocrinui dipentas, 
1859, Eichwald, Leth. Ross., v, p. 58.'*, Tab. 31, figs, «-c (excl. specimen 
from Erras). — Hyboorinui dipentas, 1864, Volborth, Bull. d. l'Acad. de. St. 
Petersb., Tome viii, p. 178. — Homoorinui dipentas, 1865, Eichw., Bull. d. 
Moscow, No. iii, p. 159. — Hyboorinui dipentas, 1865, Volborth, Bull, de 
Mosc, No. iv, p. 443. — Homoorinui dipentas, 1866, Eichwald, Bull, de 
Moscow, No. 1, pp. 149-161, Tab. 8, figs. 2, 3, 4.— Hoplocr. dipentas, 1867, 
Grevingk, Uber, Hoploor. dipentas and Baeroor. Ungerni, p. 10, figs. 1 a-/,* 
also Arch, fiir Naturk. Liv. Ehst. uud Kurlands (Ser. i), Vol. iv, p. 110. — 
Hybocrinus dipentas, 1884, Schmidt, Memoircs de l'Acad. Imp. des Sci. de 
St. Petersb., Tome xxi, No. 11, p. 3, PI. i, figs. 4, 5, 6; also Carpenter, 1882, 
Quart. Journ. Geol. Soc. London (August), pp. 298-312. — Hoploor. dipentas, 
1883, W. and Sp., Araer. Journ. Sci., Vol. xxvi (November), p. 365. — 
Vaginaten Kalk., Low. Silur. Pulkowa, Russia. 

HYBOCBIJTUS Billings. 

1857. E. Billings, Geol. Surv. Can. for 1853-50 (Rep. of Progr.), p. 275. 
1859. E. Billings, Geol. Surv., Decade iv, p. 23. 
1879. Zittel, Handb. d. Pakeont, i, p. 850. 

1879. W. and Sp M Rev. of the Pal»ocr., i, p. 74. 

1880. Wetherby, Journ. Cincin. Soc. Nat. Hist. (July). 

1882. Carpenter, Quart. Journ. Geol. Soc. London (Aug.), pp. 298-312. 
1888. W. and Sp., Amer. Journ. Sci , Vol. xxvi, p. 305. 

When we defined Hybocrinus, Rev., Pt. i, p. 74, we regarded it as 
synonymous with Hoplocrinus and Baerocrinus, which, we have 
since shown, are generically distinct. However, in our late 
paper in the Amer. Journal we made some remarks upon the 
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azygous side, which must be modified. We asserted that the 
upper end of the anal plate possessed a peculiar crenulated sur- 
face, a structure which Wetherby had previously described, and 
which we thought we had observed also in some of his specimens. 
The fact that the so-called " crenulation " was visible, more or 
less, in every specimen which Wetherby had sent us for com- 
parison, led us to believe that it was an organic structure, prob- 
ably of a similar nature as the pectinated rhombs of the Cystidea. 
We are now satisfied that we had not sufficiently taken into con- 
sideration the peculiar state of preservation of Wetherby 's 
specimens, which are not only highly silicified, but the surface 
of the plates is badly weathered, and more or less destroyed. 
Through the kindness and liberality of Mr. Walter Billings we are 
now enabled to give a more satisfactory interpretation of these 
parts. On receiving our paper he promptly informed us that in 
the Canadian species of Hybocrinus the azygous plate was not 
crenulated, but crowded by numerous, very small pieces, forming 
a short pyramid. He accompanied his description with good 
figures, and offered us his specimens for examination. In these 
we found, resting upon the upper side of the anal plates, several 
rows of minute subquadrangular pieces, about six to the width 
of the plate, which together form a tumular protuberance without 
any visible opening. There appear, however, minute pores along 
the sutures, and it is evident that the protuberance represents a 
ventral sac, reduced to its minimum size. The crenulated 
appearance in Wetherby 's specimens is evidently the result of 
weathering, the apparent grooves representing the sutures 
between the small plates. A similar short protuberance has been 
observed in Hybocystites, and in all probability was present in the 
two other genera. 

No new species of this genus have been described since our 
first discussion. We found several specimens in the Trenton 
limestone, near Enoxville, Tennessee, but none of them perfeot 
enough for specific identification. 

HYBOCY8TITE8 Wetherby. 

(Revised by W. and Sp.) 

1880. Wetherby, Cincin. Journ. Nat. Hist. (July). 

1882. P. Herb. Carpenter, Quart. Journ. Geol. Soc. London, pp. 298-312. 

Hybocysiites combines, in a remarkable degree, some of the 
characters of Palseocrinoidea, Cystidea and Blastoidea. Wetherby 
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describes it as a Cystid, Carpenter was more inclined to place it 
with the Blastoids ; while we take it to be a Palaeocrinoid of low 
organization. 

There are several points in Wetherby's description with which 
we cannot agree. He describes the mouth or ambulacral orifice 
as situated nearly centrally upon the upper surface. We had 
several of Wetherby 's best specimens for comparison, but were 
unable to observe in any of them an external oral orifice, and 
doubt if such an orifice existed in this Lower Silurian genus 
" upon the surface." Neither can it be ascertained from the 
specimens whether there were proximals surrounding the oral 
plate. Wetherby further speaks of " a valvular anal opening, 
placed between the upper azygous plate and the mouth," and he 
mentions " a proboscis or ventral sac " which was said to be 
" indicated by the presence of the upper azygous plate." If it is 
meant that the so-called " valvular opening " is separated from 
the ventral sac, and we infer it from fig. 1 on Plate 5, which shows 
an irregular break upon the ventral surface in the direction to 
which he alludes, he is certainly in error. Even if an opening 
did exist, we doubt if he could have observed small, valvular 
pieces in specimens in which even the larger ventral plates cannot 
be distinguished. If he means that the anal opening is connected 
with the ventral sac, placed along its inner or ventral side, we 
can partly agree with him. 

Wetherby described the genus as having in three of its rays 
arms like those of the Crinoidea, in the other two rays appressed 
ambulacra, such as occur in the Cystidea*. He does not say any- 
thing about the length of the three arms, leaving it in doubt, 
whether he took the three projections to be only the stumps of 
the arms, or as representing their full length. He only mentions 
that the arms are composed of a single row of plates, that they 
are very deeply excavated at the inner side by the ambulacral 
furrows, and that the latter are covered by a closely interlocking 
series of small plates, having the same arrangement as those of 
the two appressed ambulacra. He mentions further a more or 
less obscure furrow upon the outer surface, " of which nothing 
further is known." 

Carpenter, in his paper on Hybocrinus and Hybocyslites, called 
attention to the fact, that in Wetherby's figures, and in the speci- 
mens which he had examined himself, only one or two so-called 
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arm joints were shown, that from appearances there had been no 
others, and that these formed, in all probability, " merely upward 
prolongations of the radials." He states further that the " more 
or less obscure furrow," seen by Wetherby upon the outer surface 
of each arm, was in reality a recurrent ambulacrum, and that in 
his opinion the relations of Hybocystites are rather with the Blas- 
toids and " Crinoids than with the Cystids." Upon the latter 
point we cannot agree with him, although we admit that there are 
recurrent ambulacra in all five rays. We think, like Wetherby, 
that the ambulacra resemble decidedly those of the Cystids, and 
not those of the Blastoids. Eybocystites evidently had no hydro- 
spires and no hydrospire pores, and the ambulacra, contrary to 
any of the Blastoids, extend beyond the radials down into the 
basals. Neither has it calicine pores, nor pectinated rhombs, and 
hence cannot be a Cystid, even if it has appressed ambulacra, 
which, we think, take the place of true arms. 

Among the specimens from the Canada Survey Museum, which 
we had the good fortune to examine through the kindness of Prof. 
Whiteaves, we examined the type of Lecanocrinus elegans Billings 
( Taxocrinus elegans W. and Sp.), one of the earliest of all known 
Crinoids, and which seems to be destined to throw light upon the 
peculiar ambulacra of Hybocystites. This beautiful and well- 
preserved specimen has upon the outer or dorsal surface of its free 
arm 8, upon each one of them, from their tips as far down as the 
top of the secondary radials, in addition to their regular ventral 
furrows a recurrent dorsal furrow, such as is found in Hybocys- 
tites upon the calyx, and dorsally and ventral ly upon the two arm 
joints. These dorsal furrows are indistinctly represented by 
Billings in Decade iv, PI. 4, fig. 4 a, although in the specimen 
they are well defined, and it appears as if they had been lined by 
a double series of alternating plates. Such dorsal furrows have 
since been identified also in the type of Taxocrinus leevis by 
Walter R. Billings. That these furrows are continued from the 
ventral side, and as such form a part of the ambulacra, cannot be 
doubted, and is further proven by the fact that the furrows 
diminish in width as they descend the surface of the arms. In 
these species the regular furrows of the arms probably were not 
sufficient to supply the animal. This was certainly the case in 
Hybocystites, which in two of its rays has no brachial appendages 
whatever, and these consist in the three other rays of but a few 
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joints, the ambulacra resting almost exclusively against the dorsal 
side of the calyx. 

Hybocystites is one of the earliest and lowest forms of the 
Palaeocrinoidea ; it may be regarded as a permanent larval form 
of Hybocrinus, which had no arms, but in their place food grooves 
upon the dorsal side of the calyx. It is interesting that in this 
case as in that of Baerocrinus, which has similar relations to 
Hoplocrinu8 as this has to Hybocrinus, three of the rays are some- 
what higher developed than the two others. 

We propose the following : — 

Revised Generic Diagnosis. — Hybocystites agrees with Hybo- 
crinus in its general form, the arrangement and proportions of 
the plates in the calyx, in the ventral covering, and in the form 
and size of the ventral sac, but differs from that genus essentially 
in the arm structure. It has no underbasals ; five large subequal 
basals, five radials, one of them much smaller and resting upon 
the right sloping upper side of the large azygous plate. The 
latter supporting at its left sloping side an anal plate, in form 
resembling the adjoining small radial. Arms rudimentary, of 
the most primitive kind, restricted to the two posterior rays and 
the anterior one. They consist, so far as known, of two quad- 
rangular joints, which are united with the radials by close suture. 
The joints are provided with an ambulacral furrow, which enters 
the calyx apparently at the top of the radials as in Hoplocrinus. 
This furrow passes from the ventral side of the two arm joints, 
over the top of the upper one, and follows the dorsal side of the 
plates until reaching the calyx, whence it extends upon the sur- 
face of the radials to the basals, either entering them or terminat- 
ing close to the basi-radial suture or along the face of the large 
azygous plate. The two anterolateral rays have no arm plates 
whatever, but each is provided with an ambulacral furrow, pass- 
ing out from near the top of the radials, traversing these plates, 
and entering the basals. There is considerable irregularity in 
their position and length, but as a rule these latter furrows enter 
deeper into the basals than those of the three other rays. The 
furrows are provided with two rows of side pieces which are 
arranged in the usual way. 

Ventral sac short, as in Hybocrinus, provided along its ventral 
tide with a small anal opening. Column circular, small. 
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The only known species is : — 

1880. Hybocyititei problematical Wetberby, Cincin. Journ. Nat. Hist (July). 
P. Herb. Carpenter, 1882, Quart. Journ. Oeol. Soc. London (Aug.). — Trenton 
gr. Mercer Co., Ky. 

Family XVIH.-HETEROCRINID.E Zittel. 
(Emend. W. and Sp.) 

Zittel and S. A. Miller included among the Heterocrinidae the 
genera Oraphiocrinus and Erisocrinus, which both have under- 
basals, and which differ essentially in the plates of the azygous 
side. We place in this family only Heterocrinus, Iocrinus and 
our new genera Stenocrinus and Ohiocrinus. 

The Heterocrinidae differ from the Cyathocrinidae and Poterio- 
crinidae in the absence of underbasals, in the arm structure, and 
the arrangement of their azygous plates. 

In 1866, Hall thought he observed in Heterocrine two rings 
of five pieces beneath the radials, and he adopted the term basals 
for those of the proximal ring, and that of subradials for those 
of the succeeding one. Afterwards, it was proved by Meek, Ohio 
Paleont., i, p. 2, that the so-called " basals " — proximal ring — 
were not plates of the calyx but parts of the column. He de- 
scribed the stem to be divided longitudinally, and the so-called 
" basals," which in their vertical range were said to correspond 
with the five segments of the column, as constituting the imper- 
fectly developed uppermost stem joint. Meek proposed for these 
plates the name " subbasals," and called those of the next ring 
basals, while we used on Pt. I of the Revision the terms under- 
basals and basals, respectively, as we took all of them to be 
integral parts of the calyx. 

We have lately given this subject careful consideration, and 
found by grinding the column in various species, that important 
differences exist among the species originally referred to this 
genus. We found that most of them have a pentapartite column, 
of which the five sections alternate with the basals without form- 
ing a part of the calyx, but that the column of Heterocrine 
simplex. Hall's typical species, is tripartite, composed of three 
equal sections. 

We have elsewhere shown that whenever the column is divided, 
its sections alternate with the proximal ring of plates in the 
calyx. They are placed interradially when those plates are under- 
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basals, radially when they are basals, and as they have in Hetero- 
crinus and allied genera a radial position, we may assert that these 
genera had no underbasals. The Heterocrinidae occupy, owing to 
the absence of underbasals, relatively, the same position toward 
the Cyathocrinidae and Poteriocrinidae as the Actinocrinidae and 
Platycrinidae hold toward the Rhodocrinidae. They agree with 
the Cyathocrinidae and Poteriocrinidae in having the azygous 
interradius extended into a porous ventral sac. 

The arms consist of single joints, are comparatively strong, 
and either bifurcate or remain simple from above the brachials. 
The pinnules are given off not from alternate joints, but alter- 
nately from each second, third or fourth joint. They are heavy 
and long, and sometimes bifurcate near their tips. In the 
typical form of Heterocrinus always two joints are connected by 
syzygy, but we are unable to prove* the syzygy in species referred 
by us to Stenocrinu8 and Ohiocrinus, unless by the pinnules 
which are given off regularly from every third or fourth joint. 
Most probably in Iocrinus and Stenocrinus the pinnules, and 
sometimes even their branches, were developed into regular arms, 
for th$ divisions follow each other alternately and at regular 
intervals, and the branches have no further pinnules. 

The Heterocrinidae agree with the Hybocrinidae in the absence 
of underbasals, but differ essentially in the proportions of the 
calyx and ventral sac. In the former the calyx is extremely 
small, the ventral tube large ; in the Hybocrinidae, on the con- 
trary, the calyx comparatively large and the sac small. They 
also differ in the structure of the arms, which in the Hetero- 
crinidae are more highly developed. 

The structure of the ventral side has been observed only in 
" Heterocrinus juvenis" where it is composed of five compara- 
tively large plates, which enclose a small oral plate. The ventral 
sac throughout the whole family is much stronger than in the 
Hybocrinidae, reaching sometimes the tips of the arms, and it is 
profusely perforated. 

Position, Locality, etc. — Confined to the Lower Silurian of 
America. The Heterocrinidae, although forming a neat little 
group by themselves, may be considered as the forerunners of 
several types which afterwards became distinct families. Hetero- 
crinus foreshadows the Belemnocrinidae, Iocrinus the Poterio- 
crinidae, while Anomalocrinus is a prophetic type for the Cyatho- 
crinidae. 
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1. HETEBOCRINT78 Hall (not Frasa). 
(Restricted and redefined by W. and 8p.) 

1879. Revision Palaocr., Pt. i, p. 68. 

1880. Wetherby, Cincin. Journ. Nat. Hist , July number. 

1881. Wetherby, ibid., April number. 

Heterocrinus, as defined by Hall and revised by Meek, contains 
so widely different species that a subdivision becomes necessary. 
This has been conceded by previous writers. Wetherby, in 
describing his H. Milleri, expressed the opinion that in the com- 
parative size of the column, and in the plates of the calyx, that 
species differed sufficiently from Heterocrine simplex to be sep- 
arated at least subgenerically. And a year later, he directed 
attention to his H. Vaupeli, which he thought to be very distinct 
in the structure of its arms. H. Vaupeli, if it is a good species, 
which we doubt, agrees in its arms and pinnules closely with H. 
constrictus and H laxus, with either of which it may be identical, 
but not with H simplex, as suggested by S. A. Miller. The 
species heretofore referred to Heterocrinus vary in the composi- 
tion of their radials, in the structure of arms and pinnules, and 
in the column. Heterocrinus simplex, Hall's type, has five basals 
of varying form, owing to irregularities in the radials. The 
radials in two of the rays consist of a large single plate, two 
others are divided into two sections, and the fifth one rests upon 
the azygous plate, which agrees in size with the lower half of 
the compound radials. The compound plates consist of two 
pieces each, which together, agree closely in form and size with 
the two single plates. The brachials are large ; they consist of 
two nearly equal plates, united bj r syzygy, and support ten heavy, 
simple arms. The arms, to their full length, are composed of 
syzygial joints, which, as we think, were connected by suture and 
not by articulation. The epizygal or pinnule-bearing pieces are 
slightly wedge-shaped, and alternate with one another ; the lower 
or hypozygal ones rhomboidal, and their upper and lower sides 
are parallel. Pinnules stout and comparatively long. 

AH other species heretofore referred to this genus, with the 
exception of H. canadensis, which may be identical with H. sim- 
plex, have a somewhat different arm structure. Not only are the 
pinnules given off at greater intervals, but they attain the size 
and form of arms or armlets, which sometimes branch again, and 
extend to the general height of the primary arms. The latter 
agree also in having a strictly pentagonal and pentapartite 
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column, contrary to H. simplex, in which the column is stouter, 
almost circular, and regularly tripartite. The species with a 
quinque-partite column are divisible again into two groups, the 
one with a straight, comparatively small ventral tube, the other in 
which the tube is thread-like, convoluted, and even in its coiled 
state extending beyond the limits of the arms. We hold these 
differences important enough to make them the basis for another 
separation, proposing for the latter the genus Ohiocrinus, with 
H. laxus Hall = Ohiocrinus laxus as type, and for the other 
the genus Stenocrinus with 27. heterodactylus Hall = Stenocrinus 
heterodactylus as type. 

Heterocrinus insequalis and H. articulosus Billings have been 
referred by us to Calceocrinus ; H. crassus and subcrassus 
to Iocrinus. 

The genus Heterocrinus thus restricted may be defined as 
follows : — 

Revised Diagnosis. — Calyx small ; subcylindrical ; tapering but 
slightly from the column upwards. 

Basals five, more or less unequal, without underbasals ; the so- 
called subbasals of Meek representing the upper stem joint. 

Radials very irregular, and varying among the rays in number 
as well as in size. There are two segments in the two antero- 
lateral rays, while the three remaining rays have but one, this, 
however, nearly as large as the two in the other rays. The two 
plates at the right postero-lateral side consist of the azygous 
piece — the lower one — and of the radial, which upon its upper 
side supports the brachials, giving off laterally a small ventral 
tube. Arms ten, composed of single joints, alternately united by 
syzygy, with strong pinnules from every second joint. 

Column tripartite, a] most circular; axial canal large, pentalo- 
bate, the lobes directed interradially. 

Locality, Position, etc. — Trenton and Hudson River group of 
America. 

1859. Heterocrinus canadensis Billing.", Geol. Rep. Can., Decade iv, p. 48, PI. 4, 

fig. 5. — Trenton litnest. Ottawa and Montreal, Canada. 
1843. H. Simplex Hall, Geol. Repr. N. York, vol. i, p. 280, PI. 76, figs. 2a-d; also 
Geol. Surv. Ohio, Paleont. i, p. 7, PI. J, figs. 4 a-c, 5 a-b, 6 a-b. — Hudson 
River gr. Cincinnati, Ohio. 
♦1873. H. grandis Meek, described as H. simplex var. grandil, Geol. Surv, Ohio, 
Paleont. i, p. 9, PI. 1, fig. 6, and figured by Hall as H. simplex in the 24th 
Rep. N. Y. State Mus. Nat. Hist. PI. 3, fig. 11. — Hudson River gr. 
Cincinnati, Ohio. H, grandis occurs at a higher horizon, is more robust anil 
has shorter arm joints than H. simplex. 
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8TCNOCBINTJ8, no v. gen. 
(Syn. Heterocrinus in part). 

(<TTcv6c t narrow ; Kpivov, a lily). 

Generic Diagnosis. — General form subcylindrieal ; calyx small; 
arms long. 

Basals five; of a more regular form than in Heterocrinus, 
angular at their superior margins. They form a cup, which 
spreads but little from the column upwards. 

Radials irregular, consisting of one or two plates ; two of the 
rays — sometimes three — being composed of two segments each, 
the others of only one. The single plates are almost as large as 
any of the compound ones. Only four of the radials supported 
upon the basals ; the fifth one smaller, resting upon the truncate 
upper side of the azygous plate, and occupying toward the latter 
a similar position as the two sections of the compound radials 
toward each other. The smaller radial is transversely penta- 
gonal, and resembles in outline a bifurcating plate. It supports 
upon its sloping right side the brachials; toward the left the 
ventral sac as in Iocrinus. Brachials generally four to each ray, 
the upper one axillary, and supporting the two main arms, which 
sometimes branch again, and give off at regular intervals, from 
alternate sides, strong, arm-like pinnules. All arm joints which 
have no pinnules are strictly quadrangular, while the pinnule- 
bearing joints have almost the form of bifurcating plates. 

Axygous plate pentagonal, shorter than adjoining radials. 
Ventral tube, near the base composed of quadrangular, heavy 
plates, generally longer and narrower than the brachials. The 
structure of the tube in its upper portions not known. The plates 
of the ventral side have been observed only in H.juvenis, in which 
they are composed of five comparatively large interradial pieces, 
enclosing a small oral plate as in Haplocrinus. Column large, 
pentagonal, pen tapartite, the sutures directed interradially, giving 
to the segments a radial position. Axial canal large, pentagonal ; 
angles interradial. 1 

Geological Position, etc. — Stenocrinus is known only from the 
Silurian of America. 

We refer to Stenocrinus the following species, all previously 

1 The columnar canal of Stenocrinus is correctly represented in fig. 12 of 
PI. vi, not, however, in fig. 13, in which the rays should be directed inter- 
radially. 
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described under Heterocrinus, and noted under that genus in 

Rev. I, p. 70 : — 

*8tenoorinus heterodaotylus, the type of the genus, and its variety propfu- 
qmu ; *8. exilil Hal) (not Meek); *8. juvenis; *8. Milleri, and perhaps 
Heterocrine tenuis Billings. 

To these we add : — 

♦1883. 8tenocr. bellvillensii (W. R. Billings), Heteroor. bellvillenais, Ottawa 
Field Naturalist's Club, Trans. No. 4, p. 49 with plate. — Trenton litnest. 
Bellville, Ont. 

*(?) 1879. 8. genionlatui (Ulrich), Heteroor. genionlatus, Journ. Cincin. Soc. Nat. 
Hist. (April), PI. 7, fig. ltt. — Utioa Shale. Cincinnati, Ohio. This species 
differs too much from the other species to be left under Stenoorinui, but the 
only specimen which we examined was not sufficiently perfect to warrant a 
satisfactory generic description. 

*1882. 8. pentagonal (Ulricb), Heteroor. pentagonus, Journ. Cincin. Soc. Nat. 
Hist., p. 176, PI. 5, figs. 10, 10 a. — Hudson River gr. Cincinnati, Ohio. 

0HI0CBINU8, nov. gen. 
(Heterocrinus Hall, in part.) 

This form is closely allied to Stenocrinus, but differs from that 
in two points : the form of its arm appendages, and in the con- 
struction of its ventral sac. 

The plates of the calyx are arranged as in Stenocrinus, and 
also the column is strong, pentangular and pentapartite. The 
arms, which are ten, do not bifurcate, and are provided with stout 
pinnules, given off alternately from every fourth or fifth plate. The 
pinnules are long, bifurcating, and extend to the tips of the arms. 

The ventral tube rests upon the left sloping side of the right 
posterior radial; it ascends spirally, and in such a manner that 
adjoining convolutions touch each other, being perhaps suturally 
connected. It is composed of numerous hexagonal pieces, 
arranged alternately, and in longitudinal rows. 

Column strong ; indistinctly pentangular ; pentapartite. The 
older stem joints are rather long pieces which have a well-marked 
pentapetaloid concavity upon their articular faces. The younger 
joints consist of five small convex leaflets, disconnected laterally, 
which fill the concavity of the older joints, exposing to view along 
the lateral face of the column a small trigonal piece. A similar, 
if not the same, columnar structure is found in Stenocrinus. 1 



1 Ohiocrinut resembles Steno&rirtus very closely, and can only be upheld 
by the form of the ventral tube. We never saw the appendage of Steno- 
crinu$ y but Mr. 8. A. Miller claims it to be distinct, and this induced us to 
make the separation. 
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Geological Position, etc. — Restricted to the Lower Silurian of 
America. 
We place in this genus the following species : 

*lS6ft. Ohiocrinus oonstriotus (Hall), Heteroorinus constrictus, 24th Rep. N. Y. 

St. Cab. Nat. Hi*t., p. 210; also Ueol. Surv. Ohio, Paleont., vol. i, p. :J, PI. 

i, figs. 10 a/*; W. & Sp., Rev. I, p. 15. — Hudson River gr. Cincinnati, 

Ohio. 
*1S«6. 0. laxus (Hall).— Type of the genus.— Heterocrinus laxus, 24th Rep. N. Y. 

St. Cab. Nat. Hist., p. 211, pi. 6, fig. 1ft: also Geol. Surv. Ohio, Paleont., 

vol. i, p. 14, PI. i, figs. 8 « b. — W. & Sp., Rev., I, p. 70. — Hudson River gr. 

Cincinnati, Ohio. 
*1882. 0. ©nanus (Ulrich;, Heteroor. (Iocrinus) ©nanus, Journ. Cincin. Soc. Nat. 

Hist., vol. v, p. 175, PI. 5. fig. 9.— S. A. Miller, 1883, Heteroor. ©nanus, 

Cat. Anier. Pala*oz. Fos*?». (Edit, ii), p. 28.'?. — Hudson River gr. Cincinnati, 

Ohio. 

I0CRINU8 Hall. 

1879. Revision of the Pakeocr., Pt. I, p. 70. 

1882. P. Ilerb. Carpenter, Quart. Journ. Geol. Soc. London, p. 306. 

1883. W. & Sp., Amer. Journ. Sei., vol. xxvi (Novbr.), pp. 870, 376. 

The genus Iocrinus must be slightly modified, as stated in our 
recent notes " on Hyboerinus, Baerocrinus and Hoplocrinus." 
In that paper, to which we refer for further particulars, we gave 
at some length the reasons which impelled us to regard the large 
plate, which we had formerly called a radial, as representing the 
azygous plate, and the smaller pentangular plate above, as the right 
posterior radial. 

Walcott discovered lately a new generic form, for which he pro- 
posed the name Merocrinus. It agrees with Iocrinus in the 
structure of the azygous side, and would probably be identical 
with that genus if it had not well-developed underbasals. That 
underbasals are entirely absent in Iocrinus is plainly shown by 
its strictly pentagonal column, in which the angles have a radial 
position. 

Revised Diagnosis — Dorsal cup broadly spreading and per- 
fectly symmetrical to the top of the second circlet of plates ; it 
is short, and resembles an inverted pentagonal pyramid with the 
five sides deeply concave. 

Basals small, nearly equal. Radials five, four of them of equal 
form and height, comparatively large, strong and pentagonal ; 
their upper sides truncated throughout their entire width for the 
reception of the brachials. Adjoining these radials, in the same 
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ring, is the azygous plate, which has not only the form but gene- 
ral appearance of the four radials. It supports upon its truncate 
upper side the fifth radial, that of the right posterior raj\ The 
latter, which resembles in form a large bifurcating plate, sup- 
ports upon its right upper side the brachials, and toward the 
left the first plate of the anal tube, being thus a radial, but partly 
with interradial functions. The radials in all five rays are fol- 
lowed by five to six brachials, the upper one bifurcating, the 
others quadrangular, all wider than long, and those of adjoining 
rays meeting laterally. These are succeeded by the regular arm 
plates. 

Arms long, gradually tapering to the tips ; bifurcating at regu- 
lar intervals, and most of their branches bifurcating once or 
twice again ; each division extending to the general height of the 
arms. Arm joints quadrangular, resembling those of the brachi- 
als, but somewhat narrower. 

The ventral sac, at its posterior side, consists of a single row 
of rather large and strong plates, extending up to the full length 
of the sac, and forming all the way up a keel-like projection. 
in general appearance, these plates, which rest against the sloping 
side of a radial, resemble the brachials and arm plates, although 
they are somewhat higher and not as wide. Both sides of the 
ridge-like projection are indented for the reception of other plates. 
At each side there are two pieces connected to each median plate, 
one abutting against the middle part, and the other placed oppo- 
site the suture. These plates are very short and wide, longitu- 
dinally arranged ; they are curved so as to form a deep transverse 
groove, their lower sides turned up and forming a transverse 
ridge. The plates do not meet horizontally, but have a narrow 
open space at the top of the ridge, which in perfect specimens is 
covered by a row of minute pieces, apparently with a pore or 
small opening at the place of juncture with the larger plates. 
The sac is composed of five rows of these plates, which are con- 
nected laterally by a straight suture all the way up. 

Column strong, sharply pentagonal, its angles in a line with 
the radial plates. 

We add the following species to our former list : — 

188:;. Iocrinns trentonensis Walcott, Adv. sheets of :55th Rep. N. Y. St. Cab. Nat. 
Hist., p. 4, PI. 17, fig«. 7, 8. — Trenton limest. Trenton Falls, N. Y. 



135 211 

Family XIX.— ANOMALOCRINID.E W. and Sp. 

AN0MAL0CRINU8 Meek and Worthen. 

1879. Revision PaUeocr., Pt. i, p. 72. 

1879. 8. A. Miller, Journ. Cincin. Soc. Nat. Hist. (Decbr., p. 6). 

1882. 8. A. Miller, ibid. (April, p. 14). 

This genus differs from the Heterocrinidae in the form of the 
calyx, which is depressed and not obconical, and in the arrange- 
ment of the pinnules. It agrees with them in the plates at the 
azygous side, which we misunderstood in our former description, 
and this renders a redescription necessary, which we substitute 
in place of our former one. 

Revised Diagnosis. — General form depressed, calyx compara- 
tively large, rather shallow, subglobose ; arrangement of plates 
extremely irregular, scarcely two plates being of equal size. 

Basals five, small, subequal, partly hidden by the column. 

Radials irregular, all differing in size and form ; simple or com- 
pound ; sometimes divided vertically. The left anterolateral 
radial is compound, composed of two pieces ; that of the opposite 
side and the anterior radial are simple. The left postero-lateral 
radial is the largest plate in the calyx, and either simple or 
bisected vertically, composed of two nearly equal parts. The 
lower segment of the left antero-lateral radial is subquadrangular, 
the angle along the basi- radial suture being so obtuse as to form 
almost a straight line ; upper side truncate and slightly convex. 
The upper segment is irregularly hexagonal, truncate above and 
below, much wider at the lower than at the upper side, widest 
across the lateral angles. The two together have almost the 
dimensions of the single radials, but, in place of being wider than 
high, they are higher than wide, with a narrow concavity for the 
reception of the brachials. The fifth radial — the right postero- 
lateral one — rests against the truncate upper side of a large 
azygous plate, and as this stands in line with, and has nearly form 
and proportions of the lower section of the compound radial, and 
the radial plate the form of its upper segment, the two appear in 
the specimen as if forming jointly another compound radial. 
(See Diagr. Rev. i, PL ii). 

There is also among the rays a great diversity in the number 
of brachials, and this gives to the specimen that abnormal, irregu- 
lar outline which is so characteristic of the genus. Some of the 
rays have two, others three brachials, while the right posterior 
ray has generally four or more. 
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Arms long ; bifurcating at regular intervals ; widely divergent, 
rather stout at their origin ; tapering upward. They are composed 
of a succession of rather long, quadrangular pieces, interrupted 
only by the axillaries which are pentangular, and which divide 
the main arm, and each division of the arm, into two equal parts. 
The pinnules are slender, composed of long pieces, given off from 
every arm joint, but at one side only in succession — not alter- 
nately — until the next bifurcation of the arm, when on both 
divisions they all change to the opposite side. By this arrange- 
ment there are always 8 to 10 pinnules in succession, first on one 
side, then on the other. The first pinnule occurs on the second 
arm plate, not on the first, but every succeeding plate is pinnu- 
lated with the exception of the bifurcating ones. The proximal 
pinnule after each bifurcation is considerably heavier and longer, 
almost arm-like, and bifurcating, the others are simple. The arm 
furrows are shallow but wide, only one side having sockets for 
the reception of pinnules. 1 

The ventral sac is tubular, and rests upon the left side of the 
posterior radial as in the Heterocrinidae. The proximal plate of 
the tube is large, subquadrangular, and is succeeded by other 
apparently large pieces. Of the plates at the ventral side little 
is known. S. A. Miller mentions two rows of small pieces near 
the ventral tube, but, as nothing is known as to their arrangement, 
they may be covering plates. 

Column very large, almost circular, pentapartite, highly orna- 
mented ; central canal large, star-shaped, the projections located 
inter radially. The structure of the column along the axial canal 
resembles that of Barycrinus and Vasocrinus, with which 
Anomalocrinus agrees also in the form of the calyx. 

Geological Position, etc. — Lower Silurian of America. The 

only known species are : Anomalocrinus caponiformis Lyon, and 

A. incurvus Meek and Worthen, which have been previously 

noted. 

Family XX.— BBLEMNOCRINIDJE S. A. Miller. 

S. A. Miller has proposed for the genus Belemnocrinus a 
separate family, in which we fully agree. It cannot be placed in 
any of the other groups, without depriving them of their best 
distinctive characters. It forms a link between Heterocrinidee 



1 Our descriptions of arms and pinnules in this interesting genus were 
made from a most beautiful specimen in the collection of J. H. Harris, Esq., 
of Waynesville, 0., who had the kindness to send it to us for description. 
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and Cyathocrinidse, resembling the former in the absence of 
nnderbasals and in the arm-structure, the Cyathocrinidm in the 
arrangement of plates at the azygous side and of the ventral 
tube. As the most characteristic features we mention the 
extremely small visceral cavity, in which the genus resembles 
Apiocrinus of the Neocrinoidea ; the comparatively large size of 
the basals ; the absence of nnderbasals ; the position of the 
azygous plate in line with the five radials; the large porous 
ventral tube, and the condition of the pinnules, which are given 
off regularly at certain intervals, not alternately from every joint. 

Belemnocrinus was referred by White to the Cyathocrinidse, 
and he described the calyx to be composed of three rings of 
plates. We have shown in 1877 that the part which he took to 
be the " basals " is the upper stem-joint, and that the dorsal cup 
consists of only two rings of plates. We further directed atten- 
tion to the affinities between Belemnocrinus and the recent genus 
Rhizocrinus, which had been pointed out also by Pourtales, in 
the Memoirs of the Museum of Comp. Zoology, vol. iv, No. 9, 
p. 29. The construction of the dorsal cup in the two genera is 
very similar, however, in Bhizocrinus, the sutures between the 
basals are fused together; while in Belemnocrinus they are 
plainly visible, and the former has no anal plate and no ventral sac. 

Belemnocrinus was placed by Zittel among the Poteriocrinidse^ 
although it has neither the arm structure nor the pinnules of that 
family, nor the azygous plate, and not even underbasals. 

The name Belemnocrinus was used in 1876 by Munier-Chalmes 
^Four. Conch., Ser. 3, vol. xvi, p. 102) for certain basal plates, 
evidently of a Blastoid, and changed by Oehlert to Belocrinus, 
1882 (Extr. du Bull. Soc. Geol. de France, Ser, 3, p. 362). 

BELEMHOCBIHXJ8 White. 
(PL 5, figs. 10 and 11.) 

1863. White, Proo. Boat. Soc. Nat. Hist., vol. ix, p. 14. 
I860. Meek and Worthen, Proo. Acad. Nat. Sci. Phila., p. 251. 
1868. Meek and Worthen, Geol. Rep. Illinois, Hi, p. 463. 
1877. W. and Sp., Amer. Jour. Sci. (April), p. 253. 
1879. Zittel, Handbuoh der Palaeont., i, p. 862. 

(Not Belemnocrinus Mun.-Chalmes =Belocrinus Oehlert.) 

Generic Diagnosis. — Dorsal cup small, narrow, sometimes 
almost tubular. 
6 
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Basals five, very large, long, narrow, of somewhat irregular 
shape, forming an ovoid to cylindrical cup. The cup is nearly 
solid, having only a small central canal, and a shallow subcorneal 
excavation at its upper end, the latter forming a part of the 
visceral cavity. 

Radials five, always smaller than the basals, enclosing an anal 
plate. They are subquadrangular, slightly excavated at their 
upper side, and support four (exceptionally five) brachials, of 
which the upper one is bifurcating and gives off the arms. Arms 
two to each ray, simple throughout, composed of compound 
joints, with one or two syzygies in each joint ; the upper segment 
giving off a strong pinnule. The oblique upper faces of the 
epizygal or pinnules-bearing joints are arranged alternately, and 
this gives to the arms a strongly waving, zigzag outline. At the 
extremities of the arm the pinnules are generally given off from 
every joint. Pinnules long, arm-like, bifurcating once or twice, 
like arms. With the arms the pinnules also correspond in length, 
all of them extending to the same height. 

Anal plate resting between two of the radials and upon one of 
the basals. This plate, which resembles the radials in form, sup- 
ports a large ventral sac, composed of numerous hexagonal 
plates, alternately arranged, with slit-like openings along their 
lateral edges, which meet with corresponding slits in the adjoin- 
ing plates. 

Other parts of the ventral side unknown. Column with or 
without late ml cirrhi; more or less sharply pentangular, the 
outer angles radial, the ravs of the central canal and the columnar 
cirrhi directed interradially. 

Geological Position, etc. — Known only from the' two divisions 
of the Burlington limestone. 

1877. BelemnocrinuB florifer W. and Sp., Amer. Journ. Sci. (Ser. 3), Vol. xiii, p. 
256. — Upper Burlington limestone. Burlington, la. 

1877. B. Pourtaleai W. and Sp. f Amer. Journ. Sci. (Ser. 3), Vol. xiii, p. 258. — Lower 
Burlington liment, Burlington, Iowa. 

1862. B. typu* White (type of the genus), Proc. Boat. Soc. Nat. Hist., Vol. ix. p. 
14.— W. and Sp , 1877, Amer. Journ. Sci. (Ser. 3), Vol. xiii, p. 254. — Upper 
Burlington limest. Burlington, Iowa. 

1866. B. Whitei Meek and Worthen, Aond. Nat. Sci. Phila.. p. 251 ; also Geol. Rep. 
Illinois, iii, p. 463, PI. 18, figs. 4 a, 6, c. — Lower Burlington limest. Bur- 
lington, Iowa. 
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(1) H0L0CRINTJ8 W. and Sp. 
(o\of solid, xpivov a lily.) 

The above name is proposed to include a species wbicb was 
lately described from rather imperfect specimens by Mr. Picard, 
under the name of Encrinus Beyrichi, but which certainly is no 
Encrinus. We entertain little doubt that the species must be 
referred to the Belemnocrinidse ; we are, however, not quite so 
sure that it is generically distinct from the typical form, which 
depends upon the presence or absence of the anal plate. No 
anal plate has been described in this species, and it is more than 
probable that none was present. It perhaps represents one of 
those transition forms, which in their earlier life were good Palaeo- 
crinoids, but by resorption of the interradial plates attained, to 
some extent, the characteristics of the earlier Neocrinoidea. 

Generic Diagnosis. 1 — Dorsal cup strictly pentahedral; con- 
stricted above the basals. Basals large, forming an almost solid 
subglobular body, without underbasals. Radial s very small, 
quadrangular, supporting three to four narrow brachials, the 
upper one bifurcating. There are two arms to each ray which 
remain simple. Arms thin, composed of short, cuneate joints, 
with rather stout pinnules. 

Column pentangular, and, as in Belemnocrinus florifer, pro- 
vided with long cirrhi, given off at intervals in whorls from the 
nodal joints, and extending up, and partly covering, the calyx 
and the lower portions of the arms. 

The only known species is : 

♦1884. Holocrinui Beyriohi (Picard), W. and Sp., Zeitschr. d. Deutsch. geolog. 
Gesellsch., Jahrg. 1883. — Muscholkalk. Sondershausen, Qerm. 

Family XXL— CYATHOCBINIDiE Roemer. 

(Emended Zittel, emended W. and Sp.) 
a. Dendrocrinites. 
MEBOCRINUS Walcott. 
1883. Adv. sheet 35th Rep. N. Y. State Cab. Nat. Hist., p. 2. 

In the arrangement of the plates at the azygous side and in 
the construction of its ventral tube, this genus has close affinities 
with the Heterocrinidse, but differs from them in having under- 



1 Our diagnosis is made from the figure of Mr. Picard's imperfect 
specimen. 
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basals. In addition to Walcott's typical species, we refer to 
Merocrinu8 : Dendrocrinus curtus Ulrich. 

Generic Diagnosis. — Dorsal cup very small ; short and extend- 
ing laterally but little beyond the periphery of the upper stem 
joint. 

Underbasals five, comparatively large, seen distinctly in a side 
view. Basals short, all hexagonal ; alternating with four of the 
radials and the azygous plate, which all are of similar form, pen- 
tangular, wider than long. The four radials support upon their 
truncate upper face a row of brachials, the azygous plate from 
the same level the fifth radial. The right posterior radial has 
the same form as the azygous plate, but, while the latter is 
angular below, the radial has an angular upper side, giving off 
toward the left the ventral tube, and toward the right a row of 
brachials. There are generally six or more brachials to each 
ray, composed of short quadrangular pieces, except the upper 
which is axillary. Arms long, bifurcating ; without pinnules ; 
tapering toward the tips ; composed of quadrangular joints. 
The bifurcations take place at regular intervals, and both arms 
of the same division are of equal size. 

Column round, very strong, composed of unusually narrow 
joints. 

Locality, Position, etc. — Lower Silurian of America. 

♦1879. MerocrinuB curtus (Ulrich), Dendrocrinus curtus, Cinein. Soc. Nat. Hist., 
vol. ii (April), PI. 7, fig. 14. — Utica shale. Cinein., 0. 

1883. M. oorroboratus Walcott, Adv. sheet 35th Rep. N. T. St. Cab. Nat. Hist., 
p. 4, PI. 17, fig. 6.— Trenton liuiest. Trenton Falls, N. Y. 

1883. M . typns Walcott, Ibid., p. 3, PI. 17, fig. 5.— Trenton limest. Trenton Falls, 
N. Y. 

CARAB0CRINU8 E. Billings. 
(Revised by W. and Sp.) 

1856. E. Billings, Rep. Geol. Burv. Canada, p. 275. 

1859. E. Billings, Ibid., Decade iv, p. 30. 

1879. W. and Sp. Revision I, p. 143. 

1881. Walter R. Billings, Trans. Ottawa Field Natur. Club, p. 34. 

In Part I of this Revision we placed Carabocrinus among the 
doubtful genera. It was founded by E. Billings upon certain 
peculiarities among plates of the azygous side, resembling other- 
wise closely Cyalhocrinus. When Billings proposed the genus, 
the azygous side had been observed only in a single specimen, 
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and as the plates were arranged very differently from those of 
other genera, we suspected that the type specimen was a mal- 
formed or recuperated Cyathocrinus. This view, however, must 
be given up, since other specimens have been found which show 
the plates under similar conditions. Mr. Walter R. Billings 
informed us, in 1880, of the discovery of two more specimens in 
which the azygous plates were arranged as in E. Billings' type. 
These specimens were afterwards noticed by him in the Trans- 
actions of the Ottawa Field Naturalist's Club of 1881, p. 35. 

Carabocrinus was described by E. Billings —using our termin- 
ology — to be constructed of five underbasals, four of them penta- 
gonal, the fifth hexagonal ; five basals, three of them hexagonal, 
one heptagonal and one pentagonal, the latter smaller than the 
others ; of five radials ; three azygous plates, one of them sup- 
ported upon the hexagonal underbasal, a second upon the small 
pentagonal basal, the third between two radials. Consulting the 
generic diagram, Decade iv, p. 30, we find that the small, penta- 
gonal basal (subradial plate of Billings) has scarcely half the 
size of the other basals, and the first azygous plate is placed at 
its left side, contrary to all other Cyathocrinidae. This structure 
seemed to us so improbable that before accepting it we applied 
to Prof. Whiteaves of the Canada Survey Museum for the type 
specimen. We now found that in Billings' diagram the plate in 
question is represented considerably larger than it is in the 
specimen, the so-called " azygous plate," to the left of the former, 
smaller, that the basals at their lower sides form in the specimen 
a much more obtuse angle, almost a straight line, and that the 
underbasals are comparatively smaller. 

From our diagram it will be seen, that the second or basal ring 
really consists of six plates, four of them equal, the fifth one nearly 
as high but somewhat narrower, the sixth subquadrangular, small, 
not more than half the size of the former. That the latter piece 
which is united with the azjgous plate by a horizontal suture is 
a basal — subradial of Billings — seems to us exceedingly doubtful, 
the more as the adjoining plate meets all the requirements of a 
basal. This plate, which Billings called the first azygous piece, 
and which we take to be the posterior basal in conformity with 
other Cyathocrinidse, has an azygous plate at its right side, 
and this supports with its right upper sloping side a special anal 
plate. The small plate within the basal ring, which is only known 
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in this genus, is, we think, a supplementary azygous plate of no 
fundamental importance, a plate bearing to the regular azygous 
plate similar relations as the small accessory interradials in some 
specimens of Archseocrinus sculptus to the regular interradials. 
We offer the following : — 

Revised Generic Diagnosis. — Underbasals five, of variable form 
and size ; four of them quadrangular, but only three equal ; the 
fourth one, that facing the azygous side, narrower ; the fifth pen- 
tagonal, truncate above. Carabocrinus is closely allied to Den- 
docrinus and Eomocrinus, but differs from both in the number 
and arrangement of its azygous plates. 

Basals five, four of them hexagonal ; the one toward the right 
of the azygous plates heptagonal ; that on the left side somewhat 
smaller, truncate below, and occupying the full width of the upper 
side of the pentagonal underbasal. 

Badials heptagonal, the upper side excavated for the reception 
of the brachials, which occupy about one-third the width of the 
plate. The brachials, so far as known, consist of two or some- 
times three pieces, the upper one sharply wedgeform. Arms, 
compared with the size of the calyx, remarkably short ; composed 
of quadrangular joints with parallel sutures; bifurcating; tapering 
gradually to their tips. The branching is similar to that of Gya- 
thocrinus, and the arms throughout, as in that genus, are devoid 
of pinnules. 

Plates at the azygous side three. A supplementary azygous 
plate rests between the. basals and extends to half their height. 
The regular azygous plate is placed between the upper lateral 
portions of the five basals, and upon the supplementary piece; 
supporting with its left upper side the anal plate, with its right 
side the right posterolateral radial. The anal plate resembles the 
radials in form and proportion, but its upper face is irregularly 
convex, and is bordered by a row of small pieces which form 
a part of the ventral tube. 

Column comparatively small, obscurely pentangular, with a 
large, sharply pentagonal canal. The column is quinquepartite, 
the sutures arranged alternately with those of the underbasals. 

Locality, Position, etc. — Known only from the Trenton lime- 
stone of Canada, but we found detached plates, apparently of this 
genus, in rocks of the same age near Knoxville, Tenn. 
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The following species have been described : — 

1856. Carabocrinui radiatui Billings. Type of the genus, Geol. Surv. Canada, p. 
276; also 1859 ibid. Deoadeiv, p. 30, PI. 2, figs. 3 a-c; also W. and Sp., Re- 
vision i, p. 144. — Trenton limest. Ottawa, Can. 

1859. (?) C. taberoulatus Billings, Geol. Surv. Can., Decade iv, p. 33, PI. 10, fig". 
2 a-c. — HudsonRiver.gr. Islnnd ofAnticosti. 

1859. C. Van Courtlandti Billings, Geol. Surv. Can., Decade iv, p. 32, PI. 2, fig. 4.— 
Trenton limest. Township of McNab, Can. 

ETJ8PIR0CBINTJ8 Angl., Rev. T, p. 143. 
AMPHERI8T0CRINU8 Hall. 
1882. 11th Geol. Rep. Indiana of 1881 by Collett, p. 278. 

This is one of the few genera of the Cyathocrinidse which have 
only three underbasals, and this distinguishes it readily from 
Homocrinus, with which it agrees in the plates of the azygous 
side. 

Generic Diagnosis. — Underbasals three, two equal and with 
truncate upper sides ; the third one-half smaller, angular above. 
Basals five ; two of them resting entirely upon the two large 
underbasals ; pentagonal ; the two alternating with them hexa- 
gonal; the posterior one, which has a truncate upper side, hep- 
tagonal. The latter is larger and supports toward the right a 
pentangular azygous plate ; at its truncate upper side a large anal 
piece ; along the left side a radial. The azygous plate is followed 
by the anal plate, which is laterally connected with the right pos- 
terior radial. The radials are pentagonal, with a small semi- 
circular excavation for the reception of the arms. • Only one 
brachial is known, which is quadrangular and extremely small. 
All other parts are unknown. 

The only known species is : — 

1882. Ampherifltoorinas typus Hall, 11th Ann. Geol. Rep. Indiana by Collett, p. 
278, PI. 15, figs«. 17-18.— Niagara gr. Waldron, Indiana. 

DENDR0CRINU8 Hall, Rev. I, p. 75. 

The following species must be added to our list : — 

f 1856. Dendroorinus angulatus (Billings), Palaeocrinus angulatus, Geol. Surv. 
Canada, p. 269 : also Decade IV, PI. 3, figs. fl <t h. — Cyathocrinus angu- 
latus, Rev. I, p. 85. — Trenton limestone. Ottawa, Canada. — In examining 
the type-specimen in the Canada Survey Museum, wc found it to be a good 
Dendroorinus. Toward the right of the basals, underneath the postero- 
lateral radial, it has a good-sized azygous plate, which at its left sloping 
upper side supports an anal piece, exactly as in Dendroorinus. The species 
has a strong ventral tube, of which only the transverse section is seen. 
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1881. B. erratious S. A. Miller, Journ. Cincin. Soc. Kat. Hist. (December), 1881. — 
Hudson River group. Cincinnati, Ohio. 

1880. D. navigiolum S. A. Miller, Journ. Cincin. Soc. Nat. Hist. (Ootober), p. 4, 
PI. 7, figs. 5, 5 a. — Utiea slate. Cincinnati, Ohio. 

1883. D. retractilis Walcott, 35th Rep. N. T. St. Mus. Nat. Hist. (Extr. p. 5), PI. 
17, fig. 4.— Trenton limest. Trenton Falls, N. T. 

H0M0CRINTI8 Hall, Rev. I, p. 77. 

This genus has been lately so often confounded with Poterio- 
erinus, that for better information, we point out their distinctive 
characters. Homocrinus differs from Poterioerinus in the more 
slender form of the calyx, in having no plates of the ventral tube 
within the line of the first radiate, in being provided with horse- 
shoe-shaped articular facets, pierced by a round dorsal canal, and 
in having at least three brachials. Contrary to Poterioerinus, 
the arms are not pinnulated, and they are composed of quadran- 
gular joints with parallel lines of union. Its relations are much 
closer with Parisocrinus, which, however, has no separate dorsal 
canal, and the first plate of the tube rests within the calyx. 

We add the following species : — 

♦1879. Homocrinus ancilla (Hall),Dendroerinus ancilla, Trans. Albany Inst., vol. 
x (Abstr. p. 9); also 11th Geol. Rep. Indiana by Collett, p. 271, PI. 15, fig. 
19. — Niagara gr. Waldron, Indiana. 

•1858. H. ourtus (M tiller), Poterioerinus eurtus, Verh. d. naturh. Verein f. Rhein- 
lande zii, p. 80, PI. 10, figs. 2-3 ; also Neue Eohinod. Eifl. Kalk. f p. 230, PI. 
2, fig. 3.— Schultse, 1866, Echin. Eifl. Kalk., p. 46, PI. 5.— W. and Sp., 
Parisoorinus ourtus, Rev. i, p. 115.— Devonian. Eifel, German y. 

♦1882. H. davisanus (S. A. Miller), Poterioerinus davisanus, Journ. Cincin. Soc. 
Nat. Hist., p. 226, PI. 9, figs. 4, 4 a-b. — Upper Helderberg gr. Deputy, 
Indiana. 

•1882. H. nettelrothanus (S. A. Miller), Peterioorinus nettelrothanus, Journ. 
Cincin. Soc. Nat. Hist., p. 227, PI. 9, figs. 5, 5 a. — Upper Helderberg gr. 
Deputy, Indiana. 

*1876. H. nucleus (Hall), Dendrocrinus nucleus, 1st Edit. 28th Rep. N. Y. St. Mus. 
Nat. Hist., PI. 15, figs. 7-9.— Cyathoorinus nucleus, 2d Edit, ibid., p. 136. 
— Niagara gr. Waldron, Indiana. The arrangement of the plates at the 
asygouB interradius are not like in Cyathoorinus as Hall suggested, but 
exactly like in Homoorinus. 

•1863. H. polyxo (Hall), Cyathoorinus polyxo, New Sp. Fobs. Niagara group, p. 5 ; 
28th Rep. N. Y. St. Cab. Nat. Hist. 1st Edit., PI. 15, figs. 10-17.— Ibid. 2d 
Edit. p. 135; also W. and Sp., Rev. i, p. 87 ; 11th Rep. Indiana by Collett, 
1882, p. 264, PI. 14, figs. 10-17.— Niagara gr. Waldron, Indiana. 
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PABI80CBINTJ8 W. and Sp., Key. i, p. 115. 

Closely allied to Homocrinus is Parisocrinus, which we made 
a subsection of Poteriocrinus. In doing so, we were not aware 
that this form is devoid of pinnules. In our descriptions we 
only pointed out the great resemblance which it has to 'Cyatho- 
crinus, especially in the branching of the arms, but finding the 
azygous side constructed as in Poteriocrinus, we placed it with 
that genus. More perfect specimens which have since been dis- 
covered leave not the least doubt that it is very distinct from 
Poteriocrinus, and a true Cyathocrinoid. 

Revised Generic Diagnosis. — General form turbinate. Under- 
basals large, equal. Basals five, three of them hexagonal ; the 
two connecting with the azygous side heptagonal. The radials 
are rarely larger than the basals ; four of them are equal, the fifth 
one has an additional side for the reception of the lower plate of 
the ventral tube. Articular face horseshoe-shaped, supporting a 
row of three brachials, of which the upper one is axillary. Arms 
composed of long slender joints, branching like those of Cyatho- 
crinus and without pinnules. The azygous side is arranged as 
in Poteriocrinus, with three plates in the calyx. Ventral tube 
long, cylindrical, composed of alternately arranged rows of hexa- 
gonal pieces, with a pore at each angle. Column round. 

Geological Position, etc. — Subcarboniferous. America and 
England. 

We place here Parisocrinus intermedins, P. nereus, P. per- 
plexus, P. tenuibrachiatus, P. quinquangularis, P. radiatus and 
P. salignoideus ; but Poteriocrinus curtus, which we referred to 
it in Pt. I, p. 115, is a Homocrinus. 

b. Botryocrinitts. 

ATELE8T0CRINTJS, no v. gen. 

*artXf<rroj, incomplete ; xpivov, a lily. 

PI. 6, flg. 4, and PI. 9, fig. 4. 

We have had, for several years, a very remarkable Crinoid 
from the Burlington limestone, which could not be placed in any 
of the established genera. At first we took it to be an abnormal 
specimen, with only four radials, and a small non-arm-bearing 
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plate at the anterior side, and therefore did not describe it. It 
resembles Belemnocrinus in its general appearance, but differs in 
having underbasals, and curiously enough, these have a similar 
cylindrical form, and are as solid as the basals in that interesting 
genu 8. 

We have since obtained from the Burlington and Keokuk transi- 
tion bed near Burlington, and from the lower part of the Keokuk 
limestone proper of Tennessee, two additional specimens, clearly 
of the same genus, but of a different species. Both specimens 
show the same irregular structure, i. e., four arm-bearing radials, 
and in line with them a small azygous, non-arm-bearing plate, 
thus proving that the apparent irregularity is a persistent char- 
acter. 

Generic Diagnosis. — Form of calyx elongate, bell-shaped, the 
sides concave, constricted along the suture between basals and 
underbasals. Underbasals five, large, forming an almost solid 
ovo-cylindrical body, pierced only by a longitudinal canal. Basals 
long and narrow, widening above, irregular in form ; three of 
them hexagonal, two heptagonal. Radials four, of nearly equal 
size, with an obtuse facet covering the greater part of the width 
of the plate. Anterior radial non-arm-bearing. Like the regular 
radials, it alternates with the basals, has the same general height, 
but less than half their width. Brachials from two to four, ex- 
ceptionally five ; comparatively strong ; with parallel articular 
lines, except the upper one, which is axillary. Main arms eight, 
which from every second joint, alternately, give off armlets, or 
arm-like pinnules of less than half the size of the main arms, but 
extending to the same height and branching. The arm joints, 
from which the branches are given off, are formed almost like 
axillary plates, one side, however, being shorter and slightly more 
obtuse. The alternate joints are quadrangular. Whether these 
and the axillaries are united by syzygy, could not be ascertained 
from the specimens. 

Azygous plate large, resting between the upper sloping sides of 
two basals, and against the right posterior radial. It supports 
towards the left the anal plate, and at its truncate upper side the 
first plate of the tube. Nothing is known of the ventral side. 
Column obtusely pentangular, with a medium-sized central canal. 
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AtteleaocrinuB delioatus, nov. sp 

Calyx bell-shaped ; twice as high as wide, greatly constricted 
along the sutures between basals and underbasals. Underbasals 
forming a comparatively long ovo-cylindrical body. Basal cup 
funnel-shaped, resting upon the underbasals as if proceeding from 
their inner cavity. The basals are delicate plates, elongate, gradu- 
ally increasing in width. Arm-bearing radials wider than high ; 
each one supporting two brachials. The latter fill nearly the 
entire width of the preceding plate, and are twice as wide as the 
true arm plates. Anterior radial narrow, less than half the width 
of the arm-bearing radials. Arms two to the ray, tapering 
gradually to their tips, where they become extremely delicate ; 
they have a waving outline, are composed of long joints, and 
give off armlets alternately from every second plate. All armlets 
extend to the tips of the arms, and branch once or twice. Their 
size along the lower part of the arms is only half that of the main 
arms, but higher up they are of almost equal thickness. Column 
obtusely pentangular. 

Geological Position, etc, — Lower Burlington limestone. Burling- 
ton, Iowa. 

Ateleatoorinus robustus, nov. sp., PI. 9, fig. 4. 

Larger and much more robust than the* preceding species; less 
constricted between basals and underbasals ; the form of the 
latter, taken together, more oblate. Basals twice as long as wide. 
Arm-bearing radials heavy, wider than high ; the anterior radial 
less than one-third the size of the others, hexagonal. Azygous 
side with four plates in the catyx, two of them constituting parts 
of the ventral tube ; alternately arranged. Brachials four ; three 
of them quadrangular, the upper one axillary ; all rather large, 
but decreasing in size upwards. Arms long, comparativelj 7 heavy 
at the base, but tapering rapidty to the tips, where they become 
very delicate. They are composed of quadrangular, rounded 
joints, with parallel sutures, giving off armlets alternately from 
every second joint. The armlets are much thinner, and more 
pinnule-like than in A. delicatus, but extend like those to the 
height of the arms, and bifurcate in a similar manner. 

Geological Position, etc. — Burlington and Keokuk Transition 
bed near Burlington, Iowa, and at the base of the Keokuk 
limestone, White's Creek Spring, near Nashville, Tennessee. 
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VA80CRINTJ8 Lyon, Rev. i, p. 97. 

STREPTOCBIinJS W. and Sp. 
crpnrrdj, twisted J Kpivov, a lily. 

Ophioerinu* Angelin, 1878. Rev. i, p. 97. 

The name Ophiocrinus is preoccupied by Salter, who proposed 
it in 1856 for a Rhodocrinoid from Southern Africa, which, how- 
ever, is not properly defined. Semper also used the name in 
1868 for a Neocrinoid, and again Charlesworth, but without pub- 
lishing the description. The Swedish form, therefore, requires a 
new name, for which we adopt Streptocrinus, in allusion to the 
convoluted state of the ventral tube. 

♦Streptoorinus orotalurna (Angelin), Ophioorinus crotalurui, Iconogr. Crin. Suec., 
p. 24, PI. 4, figs. 8 a-c. — Upper Silurian. Gothland, Sweden. 

BOTRTOCBIKUS Angelin, Rev. I, p. 97. 

8ICY0CRINUS Angelin, Rev. I, p. 99. 

BARYCRINUS Wachamuth, Rev. I, p. 99. 

The genus Barycrinus differs from other Cyathocrinidae in 
having a shallow calyx, constructed of heavy plates, arms massive, 
and composed of short joints. These differences are so marked 
that we have strong doubts whether it ought to be placed in this 
familj r . 

The diagram of Barycrinus, PL I, fig. 3, in Part I of this 
Revision, is incorrect as to the axial canal, which should have 
shown the processes radial, instead of interradial. On page 101, 
of Part I, we were made to sa} r that the sections of the column 
of Barycrinus are radial and the sutures interradial, whereas it 
should be that the sections of the column are " interradial and 
the sutures radial ; the opposite of Heterocrinus, in which they 
are interradial." 

No new species have been described since our list, but Arach- 
nocrinus bulbosus (Hall), W, and Sp., was referred by S. A, Miller 
erroneously to Barycrinus. 

Cyathocrinus subtumidus M. and W., which we took to be a 
Barycrinus, must be changed back to Cyathocrinus. The species 
is closely allied to Cyathocrinus barydactylus W. and Sp. 
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c. Cyathocrinitei. 
CTATHOCBINTTS J. S. Miller, Rof. I, p. 79. 

Through the kindness of Prof. Whiteaves we had an oppor- 
tunity to examine E. Billings' type specimens of Palaeocrinus in 
the Canada Survey Museum. The specimen of P. striates, upon 
which the genus was proposed, is very imperfect, and may be a 
Carabocrinus, Dendrocrinus, or a new genus. The construction at 
the ventral side, to which E. Billings attached so much weight, is 
that of the Cyathocrinidfle generally. They nearly all have ventrally 
five inter radial plates resting against the radials, and alternate 
rows of covering plates. Heretofore we have placed Palaeocrinus 
angulatus Billings under Cyathocrinus, but we satisfied ourselves 
from the original specimen that it is a true Dendrocrinus. — Cyatho- 
crinus fasciatus Hall, is a synonym of Macrostylocrinus Meeki; 
Cyathocrinus hamiltonensis Worthen, a synonym of Cyathocrinus 
parvibrachiatus Hall. C. nucleus and (7. polyxo Hall are now 
referred by us to Homocrinus; C. waldronensis to Macrostylo- 
crinus. — Cyathocrinus graphicus Blgsby (not Hall) is Platycrinus 
graphicus. 

1879. (?) CyathocrinuB Harrisi S. A. Miller, Journ. Cincin. Soc. Nat. Hist., vol. ii, 
PI. 15, fig. 2. — Keokuk liincst. Crawfordsville, lad. 

We leave this species for the present under Cyathocrinus, al- 
though aware that it represents a very different generic form. In 
some respects the species closely resembles Belemnocrinus 
fiorifer, and might almost be considered identical with it, if the 
column did not indicate a dicyclic base. The column of both 
species is sharply pentagonal, and beautifully fringed with whorls 
of cirrhi, but while in Belemnocrinus fiorifer the outer angles of 
the column are directed radially, the cirrhi interradially, the very 
opposite is the case in Cyathocrinus (?) Harrisi. Neither can 
the species be referred to our genus Atelestocrinus, as this is 
remarkable for its large underbasals, nor in fact to any other 
known to us, and we should make it the ty.pe of a new genus if 
the two specimens which we examined were more perfect. The 
specimen in the collection of Mr. Harris, which he had the kind- 
ness to send us for examination, leaves us in doubt whether the 
so-called azygous plate of Miller does not represent the anterior 
radial. Among the Fistulata the anterior ray very frequently 
supports a single arm, which either remains simple or branches 
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on a level with the second bifurcation in the other rays, and this 
may be the case here. Miller in describing the species, we think, 
had in mind the Silurian genus Iocrinus, in which the plates of 
the ventral sac take the form of arm plates, but these are given off 
laterally from the azygous plate and not, as it would be here, 
from the truncated upper side of the anal piece. 

1869. CyathocrinuB ingpiratug (?) Lyon, Trans. Aroer. Philos. Soc. vol. xiii. p. 407, 

PI. 27, fig. k. — Keokuk gr. Crawfordsville, Ind. The description is not 

sufficient for specific identification. 
1882. C. marahallensiB Worthen, Bull, i, III. St. Mus. Nat. Hist., p. 33, Ueol. Rep. 

111., vol. vii, p. 310, PI. 30, fig. 4. — Kinderhook gr. Marshalltown, lu. (A 

connecting link with Pari 8 oc riling.) 
♦1844. C. Milleri McCoy (Atoorinus Milleri), Synopg. Carb. Foss. Ireland, p. 123, 

PI. 25 ; F. Roemer, 1855, Leth. Geogn. (2d Ed.), p. 246, PI. 4, fig. 12 ; Bronn's 

Klassen d. Thierreicha, PI. 28, fig. 6. — Subcarb. Ireland. 
(?)1880. C. (?) gtillativng White, Proceed. Nat. Mus. for 1879, p. 258, PI. 1, figs. 9, 10: 

12th Ann. Rep. Terr, for 1878, by Hayden (Author's Ed., p. 125, PI. 35. figs. 

3 a, b). — Carboniferous. Collected 30 miles west of Humboldt, Kansas. 

This is no CyathoorinuB ; it evidently belongs to the Poteriocrinida?, but 

the specimen is too imperfect to be referred properly. 
•1865. C. subtnmidns Meek and Worthen, Proceed. Acad.. Nat. Sci. Phila., p. 151 ; 

Barycrinus subnmidug Meek and Worthen, 1868, ibid., p. 340 ; also Geol. 

Rep. 111., vol. v, p. 487, PI. 13, fig. 3 ; W. and Sp. ; Baryorinus gubtumidug, 

1879, Rev. i, p. 87. — Keokuk limest. Green Co., 111., and White's Creek 

Springs, Tennessee. 
1881. C. Van Horni S. A. Miller, Journ. Cincin. Soc. Nat. Hist., vol. iv (October), 

PI. 6, fig. 3. — Niagara gr. Chicago, Illinois. 

(?) SPH2ER0CRINTJ8 Roemer. 

In referring Sphaerocrinus to the genus Cyathocrinus (Rev. I, 
p. 83), we overlooked the fact that Roemer's type has separate 
dorsal canals piercing the radials. Whether this character is 
sufficient for generic distinction is a question which has never 
been brought up for discussion. It is in this regard worthy of 
notice that this structure occurs exclusively in species from the 
Silurian and Upper Devonian, never in the Carboniferous, neither 
in Cyathocrinus nor other genera. Whether all species of Cyatho- 
crinus from Gothland and Dudley possess this structure, cannot 
be ascertained from the figures, but if they do, it may form the 
basis of a separation which seems to us very desirable. If the 
genus Sphaerocrinus is accepted, it will probabty include not only 
Sphaerocrinus geometricus Goldfuss, Roemer's tj'pical species, 
but many others. 
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ABACHNOCBINTTS M. and W., Rev. I, p. 92. 

In our former list we erroneously placed Poteriocrinus piri- 
formis Roemer under Arachnocrinus. From specimens which we 
obtained lately in western Tennessee, and in which the az} r gous 
side and also the brachials are preserved, we are convinced that 
it is a Lecanocrinus. 

GISSOCRINUS Angelin, Rev. I, p. 89. 

ACHRADOCRINUS Schultze. 

1879. Zittel, Handh. d. Palseont., i, p. 364. 
1866. Schultze, Echin. Eifl. Kalk., p. 101. 

Schultze in defining this genus thought it to be closely allied 
to Gasterocoma, and Zittel and de Loriol place it among the 
Gasterocomidae. In our opinion, the similarity between Gaatero- 
coma and Achradocrinus is more superficial than real. Gastero- 
coma has five underbasals, and the column in addition to the 
axial canal is provided with 'four peripheral vessels, which are 
altogether unrepresented in the other form. The two agree only 
in the position of the anal aperture. The affinities of Achrado- 
crinus are much closer with Sphaerocrinus, from which it differs 
only, as far as known, in the position of the anal plate. 

Generic Diagnosis. — Dorsal cup deeply cup-sjiaped ; symmetry 
decidedly bilateral, Underbasals five, equal, of medium size, 
extending beyond the column, and visible in a side view. Basals 
five, four of them angular above, the posterior one truncate, and 
supporting an anal plate. Radials all meeting laterally, three of 
them equal ; the two postero-lateral ones deeply excavated for the 
reception of the anal plate, which they inclose on three sides by 
meeting above. The radials are slightly notched at their upper 
margin, and have upon the outer side of the plate a narrow, 
horseshoe-like articular facet, pierced by a small dorsal canal, 
which is located at some distance from the notch. At the azygous 
side there is only an anal plate, which is subquadrangular, its 
lateral margins arched, its upper face narrower and excavated for 
the ventral sac, which is cylindrical and placed between this plate 
and the lateral extensions of adjoining radials. The tube has a 
ventral position owing to the strongly inflected upper portions of 
the radials. Arms unknown. Column circular; with a small 
central canal. 

The only known species is : 

1866. Aohradoorixrai ventrosufl Schultze, Echin. Eifl. Kalk., p. 101, PI. 12, fig. 6.— 
Devonian. Eifel, Germany. 
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COBIACSIKXJS Sohultze. 

1866. fichultze, Mouogr. Echin. Eifl. Kalk., p. 31. 
1879. Zittel, Handb. d. Palaeont., i, p. 864. 

Godiacrinus is closely allied to Achradocrinus ; 'the anal plate, 
however, is here, we think, fully resorbed by the radials, and the 
basals consist only of three plates. 

Generic Diagnosis. — Of small size ; in the form of a poppy-head, 
reversed bell-shaped, or subovoid. Plates thin. Symmetry 
strictly pentamerous. 

Underbasals three, forming a pentagon ; two of them larger 
and hexagonal, the third smaller and rhomboidal. Basals equal, 
pentangular. Radials equal; all touching laterally; upper face 
concave, with a narrow semicircular lateral articular facet for the 
reception of the brachials, and with a separate dorsal canal. 
There is no anal plate in the dorsal cup. Nothing is known of 
the ventral side, nor of the arms. 

The only known species is : 

1866. Codiacrinna granulatus Sohultze, Monogr. Echin. Eifl. Kalk., p. 31, PI. 3, fig. 
9. — Devonian. Eifel, Germany. 

LECYTHIOCRINUS White. 

1880. White, Proceed. Nat. Mus., p. 256. 
1880. White, 12th Ann. Rep. Terr, for 1878 by Hayden, p. 122. 
1880. Worthen, Bull, i, Illinois St. Mus. Nat. Hist., p. 37. 
1880. Worthen, Illinois Geol. Rep., vol. vii, p. 317. 

This name must not be confounded with Lecythocrinus, Miiller, 
which represents a very different generic form. The adoption of 
such similar names, even if permitted by the generally accepted 
rules, should be avoided. The species for which it was proposed 
agrees in the arrangement of its calyx plates with Codiacrinus, 
except the articular facet of the radials, which is wider, directed 
upwards (not obliquely as in that genus), and it has distinct liga- 
mentous fossae, but apparently no central canal. 

1882. Leoythioorinua Adamsi Worthen, Bull. I, 111. St. Mus. Nat. Hist., p. 37; also 
Geol. Rep. 111., p. 317, PI. 30, fig. 8.— Coal measures. Peoria Co., 111. 

1880. L. ollioulaBformiB White, Proo. Nat. Mus. for 1879, p. 256, PI. 1, figs. 4, 5 

12th Ann. Rep. Terr, by Hayden, for 1878, p. 124, PL 35, figs. 2 a, 6.— Coal 
measures. Near Humbold, Kansas. 
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Family XXII.— POTERIOCRIHTDJE. 

It has been stated that the distinction between Poteriocrinidae 
and Cyathocrinidae is based principally upon their different mode 
of articulation. The articulation, however, in the Poteriocrinidae 
undergoes certain modifications, and toward the close of the Car- 
boniferous even the calyx begins to show signs of being capable 
of slight expansion, if not mobility, the plates being frequently 
provided with a fossa along their margins ; while in others the 
plates are united by syzygy. Those fossae which extend over the 
whole surface of the opposed faces not only occur between the 
radial 8, but extend in a vertical direction to the basi-radial suture. 
That they lodged bundles of ligament is almost beyond doubt, 
and Dr. P. H. Carpenter, whom we consulted on this subject, 
regards this union as a suture, but "less close, with longer liga- 
ments, and therefore more expansible and movable, than in an 
ordinary suture. ,, A syzj'gial union is found among the species 
which Trautschold referred to the genus Cromyocrinus y and 
seems to extend in some of them even to the suture between 
basals and underbasals, the striation being' plainly visible along 
the suture lines. In some of these genera the articulation between 
brachials and arm plates is as highly differentiated as in most of 
the Neocrinoidea, and much more so than in some of them. 

The progressive development in the mode of articulation that 
takes place from the earlier to the later Poteriocrinidae is, no 
doubt, of some classificatory value, but we have not been able, 
as yet, to separate them on this ground, as the respective parts 
are generally in an imperfect state of preservation, and there 
appear to be no other distinguishing characters. Moreover, a 
comparison of the earlier Poteriocrinidie, such as Scytalocrinus, 
Scaphiocrinus, Pachylocrinus, Cwliocrinus and Graphiocrinus, 
with the latter genera Eupachycrinus, Zeacrinus, Hydreionocri- 
nu8, Ceriocrinus, Erixocrinus, and of the latter with Encrinus, 
shows that the two sections shade into one another by such easy 
gradations, that in many cases it is absolutely impossible to draw 
a dividing line. 

The genera of the Poteriocrinidai are principally based upon 
the arrangement of the plates at the az}'gous side, the form of 
the calyx, the proportionate size of the ventral sac, and the 
branching of the arms. Some of the genera have a well-developed 
azygous plate, a special anal piece, and one of the plates support- 

7 
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ing the ventral sac enclosed within the calyx. Others, such as 
Oraphiocrinus and Ceriocrinus, have no azygous plate, but only 
an anal piece ; while in Erisocrinus, Stemmatocrinus and Encri- 
nus no such plate is found, either within the ring of radials or 
below. In the same degree as palaeontologically the calyx grows 
more symmetrical, the ventral sac decreases in size, and probably 
disappeared entirely in Encrinus, which is closely allied to the 
Poteriocrinidffl. Along with these modifications, others are going 
on which take place in the arms. Throughout every genus, a 
development goes on from the uniserial to the biserial arm struc- 
ture, a feature which has not been observed in any other family 
of the Fistulata, and which has no parallel throughout the Neo- 
crinoidea if we exclude Encrinus, which we regard as a somewhat 
higher developed Poteriocrinoid. Encrinus, especially, offers in 
its arm structure a very striking example. Among its species 
are found arms in all stages of development, some having single 
quadrangular joints, others two rows closely arranged. The 
same variations are found in the arms of Eupachycrinus^ Gerio- 
crinus and Erisocrinus ; while in the earlier Poteriocrinites the 
arms never pass beyond the interlocking stage. That the biserial 
arm structure was developed from single cuncate joints, and not 
only palfleontologically, but also in the growing animal, we had 
opportunity to observe in a very young Encrinus liliiformis, in 
which the arms, to about two-thirds their height, arc composed 
of single joints, which gradually become more cuneate, and 
toward the tips are interlocking. This one case, we think, alone 
would be sufficient evidence to prove that the biserial arm struc- 
ture is the higher form, if it was not confirmed by other speci- 
mens of this and other groups. If Encrinus were a Neocrinoid, 
as supposed by Zittel, De Loriol and Carpenter, the Neocrinoidea 
would begin their existence with the highest differentiated arms 
known to us, and the arms of all other Neocrinoidea up to the 
Comatuhe of the present seas, would appear to have remained 
persistently in their larval state. This does not seem to us to 
favor the idea of Encrinus being a Neocrinoid. 

Comparing Erisocrinus with Encrinus, the only noticeable 
difference in their fossil state is the presence of a single brachial 
in the former, and two in the latter. To this P. H. Carpenter 
alluded (Chall. Rep., p. 154), admitting it to be " the only point 



155 231 

of difference about which we are enabled to speak with certainty." 
This character, however, is not restricted to Encrinus ; we find it 
more or less among all Poteriocrinidae, but exclusively there and 
in the Encrinidae. The two brachials are always joined by suture, 
not by articulation, and this is the case in Encrinus, in which the 
two pieces are united by syzygy and form actually one plate. 
The compound brachial is scarcely more than a specific character, 
and hence has no value as a distinction between two orders. 

Carpenter takes not only Encrinus, but also Erisocrinus and 
Stemmatocrinus to be Neocrinoidea, because they have no anal 
plate. Anal plates, he states, " are absent in Erisocrinus as in 
Encrinus, and since a ventral tube or sac like that of Cyatho- 
crinu8 is always found associated with a system of anal plates, 
the lowest of which is intercalated between two radials, it seems 
rash to postulate its presence in the symmetrical Erisocrinus. 11 
That our conclusions were not so " rash " as Carpenter suggested 
is emphatically proved by the fact that an anal plate has actually 
been discovered by Dr. White in Erisocrinus. It is located above 
the radials, being enclosed among the interradial plates, where we 
should have expected it from analogy with other groups. Anal 
plates are absent also in two genera of the Cyathocrinidae, in 
Codiacrinus Schultze, and Lecythiocrinus White, which both 
have a perfectly symmetrical dorsal cup. But does that make 
them Neocrinoidea ? What more do we know of the ventral struc- 
ture of the Poteriocrinidae than of Encrinus and Erisocrinus* 
If Encrinus is a Neocrinoid, why not all Poteriocrinidae? No- 
body ever saw the ventral covering in any Poteriocrinoid — we 
have only found the ventral sac. Yet from analogy with Cyatho- 
crinus and allied forms in which a vault has actually been ob- 
served, it was generally supposed that vault plates were present 
also in the Poteriocrinidae. We think the width of the brachials, 
which in this family frequently occupy the entire width of the 
radials, gives a satisfactory explanation why the vault plates are 
not preserved in forms like these. The plates either rested against 
the sloping edges of the radials as in Stemmatocrinus TrauU 
scholdi, or only against their articular extensions as in Symbatho- 
crinus. It is even very possible that the interradials were par- 
tially or wholly resorbed by the muscular processes of the 
radials, as these became developed in the growing Crinoid. 

The subdivisions of Poteriocrinus, which we proposed, have 
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been accepted by Wetherby and Williams, but ignored by S. A. 
Miller and Prof. Worthen. 1 

Extensive collections made by us during the last two years, 
enable us to give additional information respecting these divi- 
sions. Parisocrinus proves to be not only a good genus, but, 
moreover, is a Cyathocrinoid, having no pinnules. Pachylocrinus 
is closer allied to Zeacrinus than to Poteriocrinus, and is proba- 
bly identical with Philocrinus. De Koninck described this genus 
with a monocyclic base, and the calyx strictly pentahedral, but 
from appearance it had underbasals and azygous plates, and is 
identical with Pachylocrinus. We have redefined Scytalocrinus 
and Decadocrinus, which should both be ranked as subgenera 
under Poteriocrinus, and likewise Scaphiocrinus. 

Mr. Percy Sladen, in a paper " On the genus Poteriocrinus and 
allied forms " (read before the Geol. and Polyt. Soc. at Yorkshire 
in 18??), separated the English Carboniferous Poteriocrinites 
into four groups : Poteriocrinus, Dactylocrinus, Scaphiocrinus 
and Zeacrinus. To the typical form he referred : P. crassus, P. 
spissus, P. conicus. P. plicatus, P. impressus, P. radiatus and P. 
quinquangularis. We agree with him as to the first four species, 
but we think the last three are Cyathocrinidae and should be 
referred to Parisocrinus. Mr. Sladen, unfortunately, figured 

1 S. A. Miller, in 'the 2d Ed. of his Catal. of Pal. Foss., called them 
"subgenera of doubtful utility/' Prof. Worthen gives the following rea- 
sons for refusing their acceptance (Bull, i, Illinois St. Mus. Nat. Hist., p. 
4): "First, I see no beneficial result that is likely to come from cumbering 
the nomenclature of paleontology with such terms, and secondly, because 
any proposed subgeneric formula that groups together such diverse forms 
as Zeacrinus maniformis Y. and Sh., and Poteriocrinus Biselli Worthen, 
can be of no practical advantage in the study of this group of Crinoids, and 
hence, until some satisfactory generic characters can be pointed out by 
which they may be separated, it seems advisable to include them all under 
the generic name originally proposed by Miller for them." If our good 
friend had read our paper more carefully, he would have observed that we 
proposed our six subdivisions of Poteriocrinus with the distinct statement 
that we "scarcely deemed the characters upon which they are based suffi- 
ciently important even for subgeneric separation," and that we alluded in 
detail to the difficulty of referring the " Zeacrinus " maniformis to any of 
the sections. In proposing these subdivisions, however, we only followed 
the suggestion of Meek and Worthen in 1869 (Proc. Acad. Nat. Sci. Phi la., 
p. 138 and note), where, after defining Scaphiocrinus, Zeacrinus and Oalio- 
crinus as subgenera under Poteriocrinus, they add, under the head of Scaphio- 
crinus : "The group, however, has been extended by Prof. Hall and others 
so as to include species presenting all the characters given above, and might 
be divided into several sections, distinguished from each other and from the 
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Parisocrinus radiatus to illustrate the genus Poteriocrinus, a spe- 
cies without pinnules, with the arms of a Cyathocrinus, but with 
a Poteriocrinus arrangement of azygous plates. Under Dactylo- 
crinus he included P. tenuis, both of Miller and Austin, T. isaco- 
bus and P. roslratus, Austin (pars), Monogr. Rec. and Foss. Crin. 
PL 9, figs. 2b,c (non 2a,d). Comparing Austin's P. tenuis, 
which Sladen redescribed as Dactylocrinus loreus, with " Poterio- 
crinus " radiatus, there appears to be considerable difference 
between the two forms, but comparing it with P. crassus, Miller's 
typical species, the difference is not so very great. A ustin's figure 
apparently was made from a very young specimen, as indicated by 
the unusually long arm joints, and it may be a somewhat aber- 
rant form of Scytalocrinus. Sladeu's name Dactylocrinus would 
have priority over Scytalocrinus, had not Quenstedt in 1876 used 
the same name for a different form. P. isacobus is, in our opinion, 
a good Poteriocrinus. Sladen refers to Scaphiocrin us: PAatifrons, 
Austin, which we take to be a Pachylocrinus ; and to Zeacrinus: 
Cupressocrinus impressus {Cupressocrinus calyx, McCoy) ; Pote- 
riocrinus McCoyanus, and Zeacrinus Phillipsi. We agree with 
him as to the latter species, but we doubt if the other three are 
sufficiently known to assert whether the calices belong to either 
Zeacrinus, Eupachycrinus or Hydreionocrinus. 



typical form, on quite as good characters as those distinguishing the latter 
from Zeacrinus." At the time of J. 8. Miller the genus Poteriocrinus was 
fully sufficient to hold every species then known, but for each species then 
known one hundred have been discovered since. 

When we attempted to revise the Poteriocrinites we found a confusion 
such as existed in no other group of the Paheocrinoidea. The subdivisions 
that had heen proposed were so indistinctly defined, and contained such 
diverse elements, that they rather increased the difficulty instead of diminish- 
ing it. As a temporary remedy we proposed our subdivisions, and expect- 
ing they would eventually prove to be distinct genera, we applied to them 
at once generic names. It was at the option of Prof. Worthen to accept 
these divisions or not, but in adding some fifty or more species to the three 
hundred already described, he surely would have aided in the identification 
of his species, and science generally, by referring them to those groups. 
This would have lightened the labors of others, who are now compelled to 
look up for comparison every one of his secies. Besides, if Prof. Worthen 
had consulted the Revision, he might have avoided a number of synonyms, 
which "cumber the nomenclature of paleontology " more seriously than 
those few systematic names. It is somewhat curious that after refusing 
to accept the subgenera proposed by us and Prof. Hall, Prof. Worthen 
repeatedly employs the specific names which had already been used by 
previous writers in one or the other of those subgenera. 



I 
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a. PoteriocriniUi. 

POTERIOCRINUS J. S. Miller. 

Rev. I, p. 111. 

Dorsal cup obconical ; plates delicate and frequently covered 
with wrinkles or radiating plications. Radials with a semicir- 
cular scar, facing outward, and provided with a transverse artic- 
ular ridge. Brachials one ; laterally constricted ; sutures gaping. 
Arms long and branching ; composed of wedge-formed plates. 
Ventral sac long, constructed of six longitudinal rows of short 
transverse plates forming a tube ; one of these rows resting upon 
the anal piece, another upon the third azygous plate. The plates 
of the tube, which are heavier along their median line, are pro- 
vided laterally with transverse ridges or plications, which all have 
long open slits along their margins. Column circular. 

We add the following species to our list : 

1882. Poteriocrinus Clarkii Williams, Proc. Acad. Nat. Soi. Phila., p. 21, PI. 1, fig. 

4. — Chemung gr. Steuben Co., N. Y. 

Var. alpha, ibid., p. 22, PI. 1, fig. 5. — Chemung gr. Ithaca, X. Y. 
1882. P. cornellianus Williams, Proc. Acad. Nat. Sci. Phila., p. 18, PI. 1, figs, 1, 2, 

3. — Chemung gr. Ithaca, N. Y. 
1836. P. impressus Phill. (not McCoy, 1854 = Hydreionocrinus MoCoyanut, nor 

Richter and Unger, 1860). Geol. Yorkshire, p. 205, PI. 4, fig. 1.— Austin. 

1843, Roc. and Foss. Crin., p. 10, fig. 6.— W. and Sp., Rev. i, p. 120. — Sladen, 

1877, On the Genus Poteriocrinus, p. 8. — Bristol, England. 
1882. P. Ottereillis Worthen, Bull, i, 111. St. Mus. Nat. Hist., p. 14 : also Geol. Rep. 

Illinois vii, p. 283, PI. 28, fig. 4.— Otter Creek, Jersey Co., III. 

Specie* having the character* of the Poteriocrinites, but not sufficiently known 
to be referred to the proper genu* : 

P. anralus Hall, 1879, Eleventh Indiana Rep., p. 266, is probably a Homo- 

crinus (1). 
1880. P. anomalos Wotherby, Journ. Cincin. Soc. Nat. Hist. (July), p. 15, PI. 5, fig. 

6. — Kaskaskia gr. Pulaski Co., Ky.— This is one of the most perplexing 

species of this group. It agrees neither with GraphioCTinua, nor Deoado- 

orinus, nor Scaphiocrinus, nor Eupachycrinus, and really shades into all 

of them. 
1882. P. arachnfflformis Worthen, Bull, i, 111. St. Mus. Nat. Hist., p. 13, PI. 28. fig. 

12: also Geol. Rep. Illinois, vii, p. 281, PI. 28, fig. 12.— Keokuk limes*t. 

Warsaw, 111. 

P. Bocksohii Geinitz. Only known to us from quotations. 

P. calyx Hall, 1879 (non Do Koniuck, 1853), is ouly defined from basal 

plates. — Niagara gr. 
1882. P. clytis Worthen, Bull. No. 1, 111. St. Mus. Nat. Hist., P. 16 (not P.olytis on 

p. 25); also Geol. Rep. 111., vii, p. 294, PI. 30, fig. 10. — St. Louis limest. Monroe 

Co., 111. — A very young specimen, as seen by the form of the brachials and 

arm joints; it probably had 10 arms in its adult state. 
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1849. P. orassimanus McCoy (not P. eras si man us Eichw.), Ann. and Mag. Nat. Hist. 

(Ser. ii),vol. iii, p. 245. — Contrib. Palaeont., p. 106. — Carboniferous, Derbyshire. 
18S2. P. illinoisiensia Worthen, Bull, i, 111. St. Mus. Nat. Hist., p. 10 ; also Geol. 

Rep. Illinois, vii, p. 289, PI. 28, fig. 17 — Warsaw limest. Warsaw, 111. 
1844. P. inequidaotylus McCoy, Carboniferous Foss. Ireland, p. 179, PI. 26, fig. 8. — 

Carboniferous. Ireland. 
P. minimus Austin (not Ad. Roemer) is probably a synonym of Scaphio- 

orinus iaaoobus. 
1882. P. similis Worthen, Bull, i, 111. St. Mus. Nat. Hist., p. 23; also Ueol. Rep. 

Illinois, vii, p. 295, PI. 30, fig. 12. — Kaskaskia limest. Monroe Co., III. 

This is evidently a young specimen, probably of one of the other species. 
1882. P. validus Worthen, Bull, i, 111. St. Mus. Nat. Hist., p. 18 ; also Gcol. Rep. 

Illinois, vii, p. 287, Pi. 28, fig. 16.— Warsaw limest. Warsaw, 111. 

SCAPHIOCRINUS Hall, Rev. I, p. 112. 
(Emend. W. and Sp.) 

Dorsal cup obconical to semi-ovoid ; all its plates closely united 
by suture. Radials truncate above, the articular ridge filling 
almost the entire width of the upper face. Brachials long, simple 
or compound, similar in form to the radials but truncate below ; 
line of articulation gaping. In species with compound brachials, 
the two segments have the form and proportions of the one plate 
in the others, and are joined by suture. Arms long, branching ; 
arm joints rather long, wedge-form. Azygous side as in Poterio- 
crinus. Column obtusely pentagular. 

Poteriocrinus Jesupi Whitfield, Amer. Mus. Nat. Hist. N. Y., 
Bull, i (Decbr., 1881), is evidently a synonym of P. Swallow M. 
and W. (compare 111. Rep., ii, PI. 16, fig. 4), although Whitfield 
thinks it distinct in the bifurcation of the arms, and in the number 
and arrangement of the anal plates. In the type specimen of P. 
Swallovi only two bifurcations of the arms were preserved, and 
Meek and Worthen remarked on p. 84, that the arms in the upper 
parts " seemed to be simple " in this species. The latter is not 
confirmed by our specimens, of which many have arms and ven- 
tral sac beautifully preserved ; they all show essentially the same 
bifurcations as Whitfield's specimen. Slight variation in the num- 
ber of arm joints in one of the bifurcations cannot be regarded 
as a good specific character, and even an additional division 
of the arms may take place in the same species. The apparent 
variation in the number of " anal " plates is explained by the fact 
that in the type of P. Swallovi the arms accidentally cover the 
lower portion of the ventral sac, exposing to view only four plates ; 
while in Whitfield's specimen a much greater portion of the ven- 
tral sac is visible. 
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The following species are to be added to our former list : 

a. With simple brachials. 

♦1882. Soaphioorinus kaskaskiensis (Worthon), Poterioorinus kaskaskiensis, 

Bull, i, III. St. Mua. Nat. Hist., p. 27; also Gcol. Rep. III., vii, p. 300, PI. 

30, fig. 15. — Easkaskia limest. Near Chester, 111. 
>1882. S. latidaotylus (Worthen), Poterioorinus latidaotylus, Bull, i, 111. St. Mus. 

Nat. Hist., p. 8; also Geol. Rep. 111., vii, p. 275, Pi. 28, fig. 6. — Keokuk 

limest. Hamilton, 111. 
♦1884. S. obscurus W. and Sp. (Poteriocrinus tenuidaotylus Worthen), Bull. i,of 

the 111. St. Mus. Nat. Hist., p. 6 (not p. 10 ; nor Pot. [Scaph.] tenuidactylus 

M. and W., 1865) ; also Geol. Rep. Illinois, vii, p. 271, PI. 28, fig. 13.— Keokuk 

limest. Keokuk, Iowa. The specific name being preoccupied by M. and W. 

in Gcol. Rep. 111., iii, p. 490, PI. 18, fig. 10, we propose for this species the 

above name. 
♦1882. S. occidentalis (Worthen), Poterioorinus oocidentalis Worthen (not Shum.), 

Bull, i, III. St. Mus. Nat. Hist., p. 10; also Geol. Rep. Illinois, vii. p. 278, 

PI. 29, fig. 2.— Keokuk limest. Hamilton, III. The name Pot. occidentalis 

was preoccupied, in 1852, by Owen and Shum., Geol. Rep. of Wise, Iowa 

and Minnesota, p. 596, PI. 5 b, fig. 5 ; but, as it has since been referred to 

AgassilOOrinUBt we propose retaining Worthen's name for the above species. 
*1882. S. okawensis (Worthen), Poteriocrinus okawensis, Bull, i, 111. St. Mus. 

Nat. Hist., p. 24 ; also Geol. Rep. Illinois, vii, p. 296, PI. 29, fig. 2.— Kas- 

kaskia gr. Okaw River, 111. 
♦1882. S. Orestes (Worthen), Poteriocrinus Orestes, Bull, i, 111. St. Mus. Nat. Hist., 

p. 7; also Geol. Rep. Illinois, vii, p. 273, PI. 27, fig. 3. — Keokuk limest. 

Keokuk, Iowa. (Compare with Scaph. Coreyi M. A W.) 
*1882. S. popeasis (Worthen), Poteriocrinus popensis, Bull, i, 111. St. Mus. Nat. 

Hist., p. 23; also Geol. Rep. Illinois, p. 296, PI. 29, fig. 12.— Kaskaskia gr. 

Pope Co., III. 
♦1882. 8. propinquus (Worthen), Poterioorinus propinquus, Bull, i, 111. St. Mus. Nat. 

Hist., p. 26 ; Geol. Rep. III., vii, PI. 29, fig. 9. — Kaskaskia gr. Monroe Co., 111. 
♦1882. S. Salteri (Worthen), Poterioorinus Salteri, Bull, i, 111. St. Mus. Nat. Hist., 

p. 21 ; Geol. Rep. 111., vii, PJ. 29, fig. 18.— Kaskaskia gr. Chester, 111. 
1880. S spinifer Wetherby, Journ. Cincin. Soo. Nat. Hist. (July), p. 13, PI. 5, fig. 

5. — Graphiocrinus spinifer S. A. Miller, 1883, Catalogue Amer. Pal. Foss. 

Ed. ii, p. 287. — Kaskaskia gr. Pulaski Co., Ky. 
♦1882. S. spinobrachiatas (Worthen), Pot9rioorinus spinobrachiatus (not Hall), 

Bull, i, 111. St. Mus. Nat. Hist., p. 20; also Geol. Rep. 111., vii, p. 290, PI. 

29, fig. 1. — Kaskaskia gr. Monroe Co., III. Hall described in 1861 a 

species under P. (Soaphioorinus) spinobrachiatus, which we referred in 

Rev. i, p. 123, to Graphiocrinus. 
♦1882. S. varsoviensis (Worthen), Poterioorinus varsoviensis, Bull, i, 111. St. 

Mus. Nat. Hist., p. 20; also Gcol. Rep. Illinois;, vii. p. 290, PI. 28, fig. 

15. — Warsaw limest. Warsaw, III. 
♦1882. S. venustus (Worthen), Poterioorinus venustus, Bull, i, III. St. Mus. Nat. 

Hist., p. 24; also Geol. Rep. III., vii, p. 297, PI. 29, fig. 13. — Kaskaskia gr. 

Monroe Co., 111. 
jfyn. P. peculiaris Worthen, (described Bull. i. III. St. Mus. Nat. Hist., p. 25, as 

Pot. olytis), Geol. Rep. 111., vii, p. 298, PI. 29, fig. 10.— The specimen from 

which the species was described has an anomalous arrangement of anal plates. 
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b. With compound brachials. 

*1882. S. briareus (Worthen), Poterioorinus briareus, Bull, i, 111. St. Mus. Nat. 

Hist., p. 12; also Geo). Rep. 111., vii, p. 279, PI. 27, fig. 4. — Keokuk limest. 

Keokuk, la., and Bono, Ind. The specific name is given at all places as 

P. briarius, but evidently was intended for Pot. briareus. 
•1882. S. Burketi (Worthen). Poterioorinus Burketi, Bull, i, 111. St. Mus. Nat. Hist., 

p. 5: also Qeol. Rep. Illinois, vii, p. 270, PI. 28, fig. 8. — Keokuk limest. 

Hamilton, 111. 
♦1882. S. coxanus (Worthen), Poterioorinus coxanus, Bull, i, 111. St. Mus. Nat. 

Hist., p. 4 ; also Geol. Rep. Illinois, vii, p. 2G9, PI. 27, fig. 1. — Keokuk 

limest. Keokuk, Iowa. 
S. CultidactyltLS Hall, 1859, was redescribed and figured Qeol. Rep. Illinois, 

vii, p. 301, PI. 30, fig. 1. 
♦1884. S. extensus W. & Sp., Poterioorinus asper Worthen, not Pot. (Pachylocr.) 

asper (W. & Sp., Rev. i, p. 116), Bull, i, 111. St. Mus. Nat. Hist., p. 11 ; also 

Geol. Rep. Illinois, vii, p. 278, PI. 27, fig. 8. — Keokuk limest. Keokuk, Iowa. 
Poterioorinus asper being preoccupied, we propose the above name in place 

of it. 
♦1882. S. iowensis (Worthen), Poterioorinus iowensis, Bull, i, 111. St. Mus. Nat. 

Hist., p. 6; also Geol. Hep. Illinois, vii, p. 272. — Keokuk limest. Hamilton, 

111. 
•1844. S. xnaorooheirus (McCoy), Cyathoorinus macrocheirus, Synop. Carb. Foss. 

Ireland, PI. 25, figs. 8, 10. — Suhcarbouifcrous, Ireland. (This species has 

three brachials.) 
*1873. 8. montanaensis (Meek), Poterioorinus montanaensis, Ann. Itop. U. S. Geol. 

Rep. Terr, for 1872, p. 469; also White, 12th Ann. Rep. of the Terr., by 

Hayden, for 1878, p. 128, PI. 33, fig. a.— Carboniferous. Virginia City 

Montana. 
*1882. S. nauvooensis (Worthen), Poterioorinus nauvooensis, Bull, i, 111. St. Mus. 

Nat. Hist., p. 13 ; also Geol. Rep. Illinois, vii, p. 282, PI. 28, fig. 10.— 

Keokuk limest. Nauvoo, 111. 
*1882. S. pikensis (Worthen), Zeaorinus pikensis, Bull, i, 111. St. Mus. Nut. Hist., 

p. 304; Geol. Rep. 111., vii, PI. 30, tig. 3. — Burlington limest. Pike Co., 

Illinois. 
*1882. 8. soulptus (Worthen), Poterioorinus soulptus, Bull, i, 111. St. Mus. Nat. 

Hist., p. 21 ; also Geol. Rep. Illinois, vii, p. 292, PI. 29, fig. 8. — Kaskaskia 

gr. Monroe Co., 111. 
(Poterioorinus subramulosus Worthen, 111. St. Mus. Nat. Hist., p. 14; Geol. 

Rep. Illinois, vii, p. 284, is a synonym of Pot. ( Soaphioorinus ) Swallovi 

M. A W. This species passes from the upper part of the Upper Burlington 

into the Keokuk liinestoue). 

SCYTALOCBINUS W. and Sp., Rev. I, p. 116. 

8yn. Dactilocrinu* Sladen, 1877 (not Quenstedt), in part (On the genus 
Poteriocrinus, p. 4). 

General form, including arms, slender, almost cylindrical. 
Dorsal cup obconical or bell-shaped ; plates strong but not mas- 
sive, connected by close suture. Underbasals well developed, 
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bent upward and forming a conspicuous part of the calyx. Radials 
and brachials of nearly the same form, apposed faces truncate, with 
a transverse articular ridge and somewhat shallow fossae ; line of 
articulation gaping. The brachials either single or compound, 
generally elongate, constricted along the middle. They support 
two simple arms each, except in the anterior ray, which some- 
times has but a single arm. Arms long, rather heavy, composed 
of quadrangular or slightly cuneiform joints; pinnules of mode- 
rate size. Azygous side as in Poteriocrinus ; ventral sac tubular, 
with slit-like openings, and frequently spiniferous at the distal end. 
Column circular or obtusely pentagonal. 
Additional species : — 

a. With single brachials. 

♦1877. Soytalocrinus loreus (Sladen), Daotyloorinus loreus (Poteriocrinui tenuis 
Austin, non Miller), Mon. Rec. and Foss. Crin., PI. 10, fig. 5. — On the genus 
Poteriocrinus, etc., p. 5. — Subcarboniferous. England. 

*1821. S. tenuis Miller, Nat. Hist. Crin., p. 71, PI. 21-2.5. Daotyloorinus tennis 
Sladen, 1877, "On the genus Poteriocrinus, p. 5." 

♦1880. S. Waohsmuthi Wetherby, Journ. Cincin. Soc. Nat. Hist. (July), p. 12, PI. 5, 
fig. 4. — Kaskaskia limest. Pulaski Co., Ky. 

b. With compound brachials. 

(Poteriocrinus hamiltonensis Worthen. 1882, Bull, i, 111. St. Mus. Nat. Hist., 
p. 7 : Geol. Rep. Illinois, vii, p. 273, PI. 28, fig. 9, Syn. of Poterioor. 
(Scytalocr.) robustus Hall). 
♦1882. Soytalocrinus Talboti (Worthen), Poteriocrinus Talboti, Bull, i, 111. St. Mus. 
Nat. Hist., p. 17; also Geol. Rep. Illinois, vii, p. 287, PI. 30, fig. 7. — St. 
Louis limest. Monroe Co., 111. 

DECADOCKINTJS W.and Sp., Rev. I, p. 119. 

Arms ten, rareh r nine, the anterior ray sometimes undivided. 
Dorsal cup depressed, saucer-shaped, with a deep concavity along 
the basal regions. Underbasals small, not seen in a side view, 
and frequently covered almost entirely by the column. Form of 
radials and brachials and articulation as in Soytalocrinus ; brachi- 
als simple or compound. Arms composed of single wedge-form 
joints, with keel-like projections at alternate sides, and with 
strongly waving or zigzag outlines. Pinnules unusually strong, 
placed far apart, and resembling armlets ; composed of short 
cuneate joints, with spurs or keels upon their basal joints. Azygous 
side as in Poteriocrinus. Ventral sac more or less club-shaped ; 
constructed of numerous rows of regularly arranged hexagonal 
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pieces, with a pore at each angle. Column pentagonal, with 
rounded angles. 

Decadocrinus agrees closely with Graphiocrinus, but the latter 
has no azygous plate, only an anal piece. 

Additional species : — 

a. With simple brachials. 

♦1882. Decadocrinus columbiensis (Worthen), Poterioorinus columbiensis, Bull. 

i. 111. St. Mu«. Nat. Hist., p. 22; also Gcol. Hep. Illinois, vii, p. 293, PI. 19, 

fig. 6. — Kaskaskia limest. Monroe Co., III. 
♦1882. D. fountainensis (Worthen), Poterioorinus fountainensis, Bull, i, 111. St. 

Mub. Nat. Hist., p. 17; also Geol. Rep. Illinois, vii, p. 286, PI. 30, Fig. 

11. — St. Louis limest. Monroe Co., III. 
♦1881. D. Milleri (Wctherny), Poterioorinus Milleri (not Worthen), Journ. Cincin. 

Soc. Nat. Hist. (January), PI. 9, figs. 12, 13. — Kaskaskia gr. Pulaski 

Co., Ky. 
♦18S2. D. penicilliformis (Worthen), Poterioorinus penicilliformis, Bull, i, 111. St. 

Mus. Nat. Hist., p. 8; also Geol. Rep. Illinois, vii, p. 276, PI. 28, fig. 9. — 

Keokuk limest. Hamilton, III. 
1882. D. lethns Williams. Proe. Acad. Nat. Sci. Phila., p. 27, PI. 1, fig. 9.— Port- 
ago gr. Ithaca, N. Y. 

b. With compound brachials. 

1882. D. gregarins Williams. Proc. Acad. Nat. Sci. Phila., p. 22, PI. 1, figs. 6, 7, 8.— 
Chemung gr. Ithaca, N. Y. 

WOODOCBIKUS De Koninck. Rev. i, p. 124. 

(Emended W. and Sp.) 

Syn. Parisocrinu* W. and Sp. Rev. i, p. 115. 

Syn. Zeacrinu* Hall (not Troost) in part. Geol. Rep. la., vol. i, p. o44. 
8yn. Zeacrinu* Sladen, 1877. On the genus Poteriocrinus, etc., p. 7. 
Syn. (?) PhUocrinus De Koninck, 1862. Quart. Journ. Geol. Soc. London. 

The ventral side of Woodocrinus has not been observed, but 
we may suppose from the spreading of the arms that its sac was 
rather bulky. This is further suggested by the great width of 
the azygous side, which, however, is composed of the same 
elements as in most Poteriocrinites, and is not structurally dis- 
tinct as has been generally supposed. It has, like Poteriocrinus, 
within the calyx three azygous plates — the succeeding pieces 
forming the abactinal parts of the ventral sac — which for some 
distance, are exposed between the arms. It differs from Scaphio- 
crinus in the shortness of its arm joints and arms generally. 
This it shares, however, with Pachylocrinus as defined by us, and 
with Zeacrinus Troost. 
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In our description of Zeacrinus (Rer. i, p. 125), we stated the 
difficulty of separating it from Woodocrinus. 'The only differ- 
ence, there noted, was the folding up and the smaller size of the 
arms in the former, and upon this distinction almost exclusively 
we based the separation. We also stated that the calyx in 
Woodocrinus was generally more turbinate, in Zeacrinus de- 
pressed with concave basal regions, but also to this rule we 
found exceptions among the species which had been referred 
to the latter. Equally impracticable wx>uld be a separation 
upon the arm joints, although these vary considerably among 
the typical species. The arms of Zeacrinus magnoliaformis are 
dorsally perfectly flat, those of Woodocrinus macrodactylus 
decidedly rounded, and Hall, Meek, Worthen and White placed 
under Zeacrinus species with flat, rounded and angular arms. 

The species which we arranged in Pt. i, under Pachylocrinus, 
had been originally, with a few exceptions, described under 
Zeacrinus. Their arms, like those of the latter, are more or less 
closely folded up, and they dichotomize in a similar manner. All 
are composed of short quadrangular joints, and all have a club- or 
elongate balloon-shaped, ventral sac ; while the sac in Zeacrinus 
magnoliaformis is pyramidal, with sharp lateral edges and concave 
sides. In the latter the form of the calyx is disk-like, in the 
others bowl-shaped. Mr. Percy Sladen, the only English writer 
who advocated the necessity of subdividing the original genus 
Poteriocrinus, placed Poteriocrinus McCoyanus, P. calyx, P. 
granulosus and P. Phillipsii under Zeacrinus. We fully agree 
with him that these four species cannot be retained under Poterio- 
crinus, having close affinities with Zeacrinus, but we believe the 
three former will prove to be Hydreionocrinus, his Zeacrinus 
Phillipsii a Pachylocrinus or Woodocrinus, as also Poteriocrinus 
latifrons Austin, which he referred to Scaphiocrinus. Sladen 
probably was not acquainted with Troost's type of Zeacrinus, as 
he took Z. elegans to be a typical form, an opinion in which we 
have shared until quite recently, when we obtained numerous 
beautifully-preserved specimens, both of "Zeacrinus " elegans and 
Troost's typical species, from the Kaskaskia limestone. The 
later forms differ from the earlier not only in the form of their 
ventral sac, but also essentially in the construction of their 
calyx. In the typical species the dorsal cup is disk-like, almost 
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flat, the radiate extremely large, touching with their acute lower 
angles the underbasals, thereby almost isolating the five basals. 
The basals in these species consist of minute trigonal pieces of 
irregular form, and also the underbasals are small, and rest 
deeply within the columnar concavity (PL 6, fig. 9). In the 
earlier form, notably u Zeacrinus " elegans, however, the basal 
cup is bowl-shaped, and the basals are comparatively larger. The 
arrangement of the azygous pieces upon which DeKoninck 
placed so much stress in defining Woodocrinus, is, in our opinion, 
not different from that of Poteriocrinus or Scaphiocrinus, only 
more plates of the ventral sac are exposed to view, owing to the 
width of the azygous side, and as we see no other distinction 
between Woodocrinus and our Pachylocrinus, we place the 
species which we had referred to the latter, including <( Zeacrinus" 
elegans and a few others of the same type, under Woodocrinus, 
as this name has priority. Perhaps, if all American species were 
as distinct as " Zeacrinus " elegans from Woodocrinus macrodac- 
tylus, it might be possible to make the former the type of a 
separate group, but as we find all intermediate forms, from 
infolding arms to spreading arms, and two to five or more bifur- 
cations, flat, angular and rounded arms, any such separation must 
be adandoncd. 

Philocrinus, De Koninck, from Punjaub, India, is probably, to 
judge from the figure, a species of Woodocrinus. We think it has 
azygous plates, but these were covered by matrix in DeKoninck's 
specimen. We also doubt if the arm plates of first and second 
order were laterally connected by suture ; these evidently were 
free as in the Fistulata generally. 

Revised Diagnosis. — Calyx sometimes obconical, more fre- 
quently depressed-bowl-shaped, and the underbasals bent inward, 
forming a concavity. Basals large, constituting a continuous 
ring beneath the radials. Azygous plates arranged as in Poterio* 
crinus; ventral sac slightly inflated. Brachials composed of one 
or two pieces, which jointly have the form and size of the radials ; 
they are wider than long, and their lateral margins are fitted 
closely together as if they were united by suture. This infolding 
of the brachials extends also to the arm plates up to the second 
bifurcation; and is often found throughout the full length of the 
arms. The arm joints are short, quadrangular, rarely cuneate, 
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the apposed faces, more or less parallel and flat, angular or 
rounded on their outer face. The arms dichotomize and each 
branch gives off one or more branches to the inner side of the 
ray, which either bifurcate again or remain simple. The articu- 
lation is the same as in Scaphiocrinus. Column circular, or 
obtusely pentangular. 

The zoological position of Woodocrinus is probably between 
Scaphiocrinus and Zeacrinus. 

Geological Position, etc. — The genus occurs only in the Subcar- 
boniferous, and almost exclusively in the lower portions. 

We place under Woodocrinus the following species, all of which 
were referred b} r us, Rev. i, p. 116, to Pachylocrinus; Zeacrinus 
arboreus Worthen, Zeacrinus asper M. and W., Zeacrinus concin- 
nus M. and W., Poteriocrinus latifrons Austin, Scaphiocrinus 
liliiformis M. and W., Zeacrinus merope Hall, Zeacrinus patemus 
Hall, Zeacrinus perangulatus White, Zeacrinus planobrachiatus 
M. and W., Pachylocrinus subxqualis W. and Sp., and the follow- 
ing, which in Rev. i, p. 128, were placed under Zeacrinus: Pot- 
eriocrinus bursseformis White, Zeacrinus elegans Hall, Zeacrinus 
ramosus Hall, Zeacrinus scobina M. and W., Zeacrinus serratus 
M. and W., and Zeacrinus troostanus M. and W. 

The following species are to be added : — 

♦1882. Woodocrinus asperatus (Worthen), Poteriocrinus asperatus, Bull, i, 111. St. 
Mas. Nat. Hist., p. 12, also Geol. Rep. Illinois, vii, p. 280, PI. 28, fig, 2.— 
Keokuk liinest. , Keokuk, la. 

*1882. W. claytonensis (Worthen), Poteriocrinus claytonentis, Bull, i, III. St. Ma?. 
Nat. Hist., p. 18 j also Geol. Rep. Illinois, vii, p. 288, PI. 30, fig. 6.— War- 
saw limest. Adams Co., 111. 

♦1862. (?) W. cometa (Do Koninek), Philocrinus cometa, Quart. Journ. Geol. Soc. 
London, PI. ii, fig. 1. — Subcarbouiferous. River Indus, India. 

1854. W. macrodactylus De Kouinck. Type of the genus, Recherch. Crin. Belg. f 
Suppl., p. 6, PI. 8, figs. 1 a-d. — Subearbonifcrous. Richmond, England. 

♦1882. W. richfieldensis (Worthen), Poterioorinus riohfleldensis, Bull, i, III. St. 
Mus. Nat. Hist., p. 15; also Geol. Rep. 111., vii, p. 285, PI. 30, fig. 5. — 
Waverly (Kinder hook) group. Richfield, 0. 

♦188.1. W. tentaculatus (Worthen), Poteriocrinus tenuidactylus, Bull., i, 111. St. 
M us. Nat. Hist., p. 10 ; Poteriocrinus tentaculatus, Geol. Rep. Ilinois, vii, 
p. 277, PI. 28, fig. 11.— Keokuk limest. Keokuk, la.— Prof. Worthen finding 
the former specific name occupied, changed it to the latter. This species is 
a typical form of Woodocrinus, and has the heavy rounded arms as De 
Kouinck's species. 
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ZEACRIKUS (Troost MS.) Hall, Rev., i, p. 125. 
Revised W. and Sp. (PI. 6, fig. 9, and PI. 9, fig. 3). 

Zeacrinus differs from Woodocrinus (Pachylocrinus) in the 
form of the ventral sac, which, as described by us, is pyramidal, 
sharply angular and pointed at the upper end ; while that of 
Woodocrinus is club-shaped, inflated above. The two genera 
differ also in the construction and form of the dorsal cup, which 
in Zeacrinus is much more depressed and disk-like. Basals 
exceedingly small, trigonal, deeply notched for the reception of 
the radials. The underbasals at the inner floor of the calyx are 
generally larger than they appear at the outer side, and the 
angles of the radials sometimes touch the underbasals. Plates 
of the calyx massive, especialty the radials, their distal faces 
sloping outward ; articular facets with muscular extensions. 
Arm plates generally flat, except the axillaries, which frequently 
are tuberculous. The arms dichotomize toward the inner side of 
the ray from each main division, the branches rarety dividing 
again. The arm joints are short, transversely arranged, those of 
the same rank slightly increasing in width upwards, those of the 
next order narrower by one-half than the preceding bifurcating 
plate. By this structure, the arms of each ray, and of the main 
divisions of the rays, form laterally a straight line, by means of 
which they fit in so closely against the arms of adjoining rays, 
that they often appear as if united by suture. Column round, 
comparatively small. 

We now recognize under Zeacrinus only the following species, 
viz.: Zeacrinus bifurcatus, Z. compactilis Worthen ; Z, magnolia- 
formis O. and N.; Z. ovalis Lyon and Cass.; Z. Wortheni Hall, 
and our new species Z. nodosus, all other species which were re- 
ferred by us to this genus are found now under Woodocrinus. 

Zeacrinus nodosus, nov. *p. (Pi. 0, fig. :;). 

The largest known species of the genus. All plates of calyx 
and arms nodose, except basals and underbasals ; the nodes on 
all axillaries, and the first plate of each succeeding order of arm 
plates, almost covering the entire surface of the plate; while at 
the intermediate plates the nodes have more the shape of small 
tubercles, arranged so as to occupy an excentric position, leaning 
slightly toward the wider or pinnule-bearing side, thereby forming 
along the arms two rows of nodes, alternately arranged. 

"Underbasals of medium size, extending beyond the column, 
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forming a shallow inverted cup, decagonal at the outer side. 
Basals trigonal, very minute, irregular in size, the two anterior 
ones smaller than the others. Radials large ; broadly truncate 
below; subquadrangular in outline but hexagonal; the three 
lower faces scarcely as wide as the lateral ones, and narrower by 
one-half than the upper side. Brachials 1X5; four of them tri- 
angular, giving off two arms each ; the anterior one quadrangular, 
with only one primary arm. The arms bifurcate on the fifth 
plate, and again on the tenth to fifteenth ; the higher divisions 
are not known. In this species, exceptionally, the inner arms 
branch again. 

Azygous plate elongate, resting upon the underbasals; the 
right lateral face, which is slightly convex, abutting against the 
right posterior radial, its upper side supporting the anal plate ; 
leaning with its left lateral side against the other radial, and with 
its lower sloping side against the adjoining basal. 

Geological Position, etc. — Keokuk limestone. White's Creek 
Springs, near Nashville, Tenn. 

C(ELIOCEINUS White, Rev. I, p. 131. 
Syn. Sphcrronites Phill., Palaeoz. Foss. Cornwall, p. 135. 

We have heretofore made Goeliocrinus a subgenus of Hydreio- 
nocrinus, owing to slight variations in the form and construction 
of the ventral sac, which we thought to be the only distinctive 
character. Beautiful specimens, however, which we obtained since 
in Kentucky, show that the two forms differ in their mode of ar- 
ticulation in a similar manner as Woodocrinus and Zeacrinus, 
Scytalocrinus and Eupachycnnus, which we ranked as full genera. 
In Gculiocrinus the calyx is conical, in Hydreionocrinus depressed 
— saucer-shaped. 

Cceliocrinas is found also in Europe. Phillips, in his work on 
the Palaeoz. Foss. of Cornwall, gives on PL 59 a good figure of 
what we take to be the balloon-shaped ventral sac of this genus. 
His figure was copied from the GeoL Trans, (new ser.), vol. iii, 
PL 20, which had been published with a note by Mr. Broderip, 
" calling attention to some analogy between this fossil and 
Chelyosoma macleayanum, a species of tunicate Mollusca, which 
has a few coriaceous plates on the upper surface only." Phillips, 
and apparently Austin, took it to be allied to Echinospherites of 
Wahlenberg, and called it provisionally Sphwronites tessellaius, 
which we propose to change into Cceliocrinus tessellatus. 
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In its arm- structure Cceliocrinus leans decidedly toward Woodo- 
crinus, but approaches Hydreionocrinus in the form of its sac- 
like appendage. 

' We have already referred to it Cceliocrinus dilatatus (Hall) 
White; (7. cariniferus (Worthen) W. and Sp.; C. lyra (Worthen) 
W. and Sp. ; C. subspinosus White, and G. ventricosus (Hall) 
White, and now add further : 

♦1840. C. testellatus (Phill.), Spseronites tessellatus, Pal&oz. Foss. Cornwall, p. 
135, PI. 59.— Subcarbon. (?). Locality (?). 

HYDREIONOCRINUS De Eon., Rev. I, p. 123. 

Wetherby, in a paper on the Crinoids of Pulaski Co., Ken- 
tucky, figured and described a new species of Hydreionocrinus^ 
which he referred with doubt to Hydreionocrinus {Zeacrinus) 
armiger (M. and W.). Several fine specimens of this form, which 
we obtained lately at Sloan 's Valley, Ky., show it to be specifically 
distinct from either H armiger or H depressus of the same 
locality. We propose for it the name Hydreionocrinus Wether- 
byi y in honor of the discoverer of this interesting locality. The 
species, which was figured Journ. Cincin. Soc. Nat. Hist., vol. Hi, 
figs, T, 8, 9, 10, differs from H depressus^ with which it has prob- 
ably the closest affinities, in the less depressed form of the dorsal 
cup, and in the basal concavity, which is shallow and almost re- 
stricted to the underbasals ; while in the other the cup is deeply 
excavated, and the concavity includes even a portion of the 
radials. In our species, every brachial bifurcates, in the other 
only four ; the anterior radial which is quadrangular, supporting 
a single primary arm. In the former all five radials are spinifer- 
ous, in the latter only four, and the spines are shorter and sharper. 
In H. depressus the primary arms branch four times, in H. 
Wetherbyi only twice, and the arms, which in the former taper to 
a small point, remain comparatively heavy in the latter. Again, 
in H. depressus the arm joints, from the second bifurcation up- 
wards, are biserial, while in H, Wetherbyi they do not pass the 
interlocking stage. In the former the ventral sac is armed with 
ten spines which join along the centre, the latter has five only, 
and these enclose a variable number of small plates. 

Hydreionocrinus (?) orbicularis De Koninck will be found 
tinder Cromyocrinus. 

♦1884. H. Wetherbyi W. and S p. —Hydreionocrinus (Zeacrinus) arminger (M. k 
W.) Wetherby, Journ. Cincin. Soc. Nat. Hist., iii, p. 5, figs. 7-10.— Kaskas* 
kia gr. Pulaski Co., Ey. 
8 
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CBOMYOCBIKTTS Trautschold. 

(Reconstructed W. and Sp.) 

1867. Trautschold, Crin. jiing. Bergkalk be! Moskau, p. 19. 
1879. Trautschold, Monogr. Kalkbr. von Mjatschkowa, p. 117. 
1879. Zittel, Handb. der Palaont., i, p. 360. 

Syn. Eupachyorinv* in part (W. and Sp.), Revision i, p. 133. 

Syn. Hydreionocrinus in part (De Koninck); Syn. Aga$sizoerinu$ in 

part (Worthen); Syn. Poteriocrinus in part (McCoy). 

Placing CromyocrinuB as a synonym under Eupachycrinus, we 
found it impossible to uphold the genus upon any of the charac- 
ters that had been pointed out by Trautschold. Wetherby has 
asserted (Journ. Cincin. Soc. Nat. Hist., iii, p. 8), that the genus 
was " well fitted to embrace all those species having three or more 
anals, a body composed of comparatively heavy, convex plates, 
and ten arms composed of a single row of joints." He further 
proposed to refer to Eupachycrinus all those species of this 
group having one or more anals, heavy rounded calyx plates, ten 
to fourteen arms, and these composed of a double series of inter- 
locking plates. The biserial arm structure, which is only a higher 
form of the uniserial one, is as closely intermingled with the latter 
in the Russian form as in the typical Eupachycrinus, and also 
the plates of the calyx are heavy and convex in both groups. 
The only distinction of Wetherby upon which perhaps a separa- 
tion of the species referred by us to Eupachycrinus might be 
established, is the number of azygous plates. We can separate 
the species with a single plate from those with three pieces, as 
proposed by White. A division of this kind, however, does not 
in the least affect Cromyocrinus, which, like the typical Eupachy- 
crinus , has three azygous plates. But CromyocrinuB differs from 
the typical form of Eupachycrinus, in the form of the calyx, the 
relative size of the various plates, and in their mode of union. 
In all American species of Eupachycrinus , the form is de- 
pressed, more or less saucer-shaped, and the underbasals, which 
are very small and totally covered by the column, rest within a 
deep concavity together with the lower portions of the basals. 
The latter plates, and also the radials, are comparatively large, 
the underbasals small. In Cromyocrinus the calyx is globular, 
constricted at the upper end, the underbasals large, extending 
conspicuously beyond the column and forming a shallow cup. 
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The basals are so extremely large, the radials so comparatively 
small, that the former, together with the underbasals, frequently 
constitute over three-fourths of the cup, while in Eupachycrinus 
the same parts occupy not more than half that space. Besides, 
the plates of Cromyocrinus are united by syzygy, and not by 
ligamentous fossae, as in most species of Eupachycrinus. 

Our attention was directed to these facts by a species figured 
and described by De Koninck under the name of Hydreionocri- 
nus (?) gldbularis, which in a somewhat higher degree has all the 
characters of Cromyocrinus, and at the same time resembles cer- 
tain forms described under Agassizocrinus. 

To Agassizocrinus have been referred two very distinct groups, 
the one almost always without column or even columnar attach- 
ment, with a large almost solid, subglobular or semiovoid under- 
basal cup, nearly truncate upper side, and small basals. The 
other, always attached to a column, with comparatively small 
underbasals, stretched out horizontally so as to form a five-rayed 
staf , and with extremely large basals partly on the same plane 
with the underbasals. The latter species, which include Agassizo- 
crinus gldbosus and Agassizocrinus papillatus, both described by 
Worthen, agree most closely with Hydreionocrinus (?) globularis 
De Koninck; Poteriocrinus nuciformis McCoy ; Cyathocrinus (?) 
sangamonensis M. and W., all previously referred by us to Eupa- 
chycrinus, and all agree equally well with Cromyocrinus simplex 
from Russia. These species, we think, might be arranged under 
Cromyocrinus, and the only thing which prevented us from doing 
so before, is the similarity with Trautschold's two other species 
{Cromyocrinus geminatus and C. ornatus), which in their arm 
structure and general form approach Epachycrinus ; while they 
agree in other points with Cromyocrinus simplex. 

Cromyocrinus is closely allied to Agassizocrinus, to which it 
holds a similar position as Pentacrinus to Antedon. We doubt 
if Cromyocrinus ever became detached from its column, while all 
species of Agassizocrinus lose their column comparatively early. 

Generic Diagnosis. — Dorsal cup globular, constricted above; 
composed of heavy plates ; sometimes (perhaps always) united 
by syzygy. 

Underbasals comparatively large, plainly visible beyond the 
column, horizontally arranged and forming a sharply delineated 
star, or sometimes a very shallow cup with a slight depression for 
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the attachment of the column ; suture lines well defined. Basals 
large ; generally as high or higher than wide ; three of them equal, 
hexagonal ; the two adjoining the azygous side heptagonal, larger 
and of a different form. 

Radials all pentagonal ; the lateral faces often so short as to 
give to the plates a trigonal outline ; their outer faces abruptly 
depressed or rounded off toward the brachials ; upper side straight, 
facing upward ; articular ridge well developed and occupying the 
full width of the plate. The right posterior radial narrower than 
the others, its lower left side disturbed by the azygous piece. The 
azygous plate is very large, placed in a sloping position, its two 
lower sides resting between two basals, its left side against the 
adjoining radial. The small truncate upper side supports the first 
plate of the ventral sac, the right side faces the anal plate, which 
is always considerably smaller, and extends beyond the limits of 
the radials. Brachials one or two ; short ; laterally touching their 
fellows of adjoining rays. Arms 5 to 10 or more ; heavy, composed 
of short quadrangular joints, which change into cuneate pieces 
and in some species interlock. Arm furrows wide; pinnules 
strong. Articulation between radials and brachials and between 
the lower arm joints by transverse ridges and fossae. 

Ventral sac imperfectly known, but evidently short. Column 
small, circular ; axial canal minute. 

Geological Position, etc. — Cromyocrinus is found in the upper 
portion of the Subcarboniferous of Russia, England, Scotland, 
Belgium, and of the United States. 

We place here the following species : — 

1867. Cromyocrinus geminatus Trautschold. Referred by up, Rev., i, p. 138, to 
Eupachycrinus. 

•1873. C. globosus (Worthen), Agassiiocrinus globosus, Geol. Rep. Illinois, vol. v, 
p. 557, PI. 21, fig. 12. — Kaskaskia gr. Chester, Illinois. 

•1858. C. globularis (De Koninck), Hydreionocrinu* (?) globularis, Memoirs de 
Pal6ont., p. 21, PI. 2, figs. 1-4.— Referred by us, Rev. i,p. 138, to Eupachy- 
crinus. — Upper part of Subcarboniferous. Near Glasgow, Scotland. 

♦1849. C. nuciformis (McCoy), Poteriocrinus nuciformis, Ann. and Mag. Nat. Hist. 
(Ser. ii), not P. nuciformis, Ooldfuss (Fischer); also 1854, Contrib. Brit. 
PalsBont. by Sedgwick, p. 116. — Suboarboniferous. Derbyshire, England. 
1879. C. ornatus Trautschold. Referred by us, Rev., i, p. 138, to Eupaohyorinui. 

•1867. C. papillatuf (Worthen), Agassiiocrinus papillatui, Bull., i, 111. St. Mus. 
Nat. Hist., p. 36; also Gool. Rep. 111., vii, PI. 29, fig. 17.— Kaskaskia gr. 
Monroe Co., 111. 
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♦1861. C. sangamoneniis (M. and W.), Cyathocrinus (?) sangamonensis). Referred 

by us, Rev., i, p. 138, to Eupachycrinus. 
1867. C. simplex Trautsohold (Type of the genus). Formerly referred by us to 
Enpaohyorinus. 

EUPACHYCBINTTS M. and W., Rev., i, p. 133. 
(Restricted, W. and Sp.). 

Accepting the genus Cromyocrinus, we have to consider only 
those species in which the cup is depressed or saucer-shaped, with 
small underbasals hidden from view and placed at the end of the 
basal concavity. These species, however, are divisible again into 
two groups : a, species with three azygous plates within the dorsal 
cup, u e. y the typical form of Eupachycrinus, and : b, species with 
a small anal plate, partly extending into the equatorial regions, 
for which White proposed the genus Ceriocrinus. Accepting 
also this division (see Ceriocrinus), and admitting into Eupachy- 
crinus such species as " Gromyocrinus " gracilis Wetherby, which 
has but five arms, and Eupachycrinus spartarius, Miller, with 
fourteen arms, we must modify our former generic formula so as 
to admit species with five to fifteen arms in place of ten, as we 
had previously given it. Thus restricted, Eupachycrinus is a 
strictly American genus, embracing only the following species : 

Eupachycrinus Bassetti Worthen, E. Boydii, E. crassus, Meek 
and Worthen, E. formosus Worthen, E. orbicularis- (Hall), E. 
quatuor-decimrbrachiatus (Lyon), E. subtumidus Worthen, E. 
tuberculatus M. and W., and E. verrucosus White, all previously 
reported, and perhaps also E. platybasilis White, which is very 
imperfectly known, and may be a Zeacrinus. 

We also place here : — 

1882. Enpaohyorinus asperatus Worthen, Bull, i, III. St. Mus. Nut. Hist., p. 34; 
also Geol. Rep. Illinois, vii, p. 311, PI. 29, fig. 4. — Kaskaskia gr. Monroe 
Co., Illinois. 
♦1880. E. gracilis (Wetherby), Cromyocrinus gracilis, Journ. Cincin. Soc. Nat. 

Hist., p. 4, PI. 16, figs. 2 a, b, c. — Kaskaskiagr. Pulaski Co., Ky. 
♦1847. E. maniformis (Shum.), Zeacrinus maniformis. This species was referred 

by us Rev. i, p. 117, to Scytalocrinus. 
* E. Moorei (Whitfield), Zeacrinus Moorei, Paleont. Ohio, vol. iii, PI. 11, 

figs. 6, 10. — Coal measures. Hocking Co., 0. (not published). 
1882. E. monroensis (Worthen), Bull, i, 111. St. Mus. Nat. Hist., p. 34; also Geol, 
Rep. 111., vii, p. 312, PI. 19, fig. 16. — Kaskaskia gr. Monroe Co., Illinois. 
1879. E. spartarius S. A. Miller, Journ. Cincin. Soo. Nat. Hist. (April), PI. 8, fig. 
2. — Kaskaskia limest. Pulaski Co., Ky. 
Syn. E. germanus S. A. Miller, ibid., PI. 8, fig. 3. 
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TRIBRACHIOCRIITUS McCoy. 

1847. McCoy, Ann. and Mag. Nat. Hist., xx, p. 228. 
1869. Pictft, Traits de Paleont., vol. iv, p. 321. 

1884. F. Ratte, Proceed. Linnsean Soc. of New South Wales, vol. ix, 
Part 4. 

(Diagram, PL 6, fig. 5). 

This genus was originally proposed for a single specimen from 
the Subcarboniferous of Australia. According to McCoy, it 
differs from Cyathocrinus and allied genera by having only three 
arms. The cup is described as cupuliform, large, composed of 
three plates in the proximal ring, 5 plates in the succeeding one, 
followed by 1 X 3 radials, 3 interradials, and one or two anal 
plates. A similar explanation of the plates has been given lately 
by Mr. Ratte, who described another species in which " the second 
radials," the brachials according to our terminology, were pre- 
served. Mr. Ratte had the kindness to send us an excellent cast 
of the type specimen, examination of which leads us to infer that 
the third ring of plates in the calyx was composed of seven 
pieces, of which five were radials, the two others azygous plates, 
but that none of them are interradials. In three of the radials, 
the articulating faces form a straight horizontal line, and only 
these plates are apposed by regular brachials, the two others, 
those of the two anterolateral rays being angular and higher at 
their distal ends. The general outline of the two last mentioned 
plates, indicates that they are compound plates, each representing 
a radial and a bifurcating brachial, which probably became 
anchylosed.. They evidently supported two arms, one at each 
side ; while the three radials with articulated brachials apparently 
bear but a single arm like Cromyocrinm simplex Trautchold. 
Ratte observed in Trxbachiocrinus corrugatus along the ventral 
surface between the brachials, " the casts of very small plates, 
irregular in shape, which doubtless belong to the so-called voftte 
(vault), or outer part covering the calyx as in Rhodocrinus, for 
instance." We seriously doubt if these plates, which he figures 
on PI. 68, fig. 2, are any such thing as vault plates ; we believe if 
they are plates at all, that they formed a part of the disk, and as 
such were covering pieces. The radials enclose the azygous plate 
proper and an anal piece as in most of the Poteriocrinidae. 
Tribachiocrinu8 is not such an aberrant genus, as it was supposed 
to be. It is closely allied to Cromyocrinus and Agassizocrinus, 
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and like them has large basals, comparatively small radials, and 
an unusually large azygous plate, followed by the anal piece and 
proximal plate of the- ventral tube. It differs, however, from 
both genera in the number of underbasals, and the peculiarities 
in the radial regions which have been mentioned. 

Revised Generic Diagnosis. — Dorsal cup globose ; composed of 
heavy plates. Underbasals three, comparatively large ; two of 
them larger than the other, but not of equal size ; the smaller 
piece placed in a vertical line with the anterior radial (PL 6, fig. 
5). Basals five, extremely large, very irregular in form; the 
posterior one heptagonal and larger than any of the rest ; that to 
the left pentagonal ; the three others hexagonal. The upper side 
in four of the plates is angular, in the other truncate, supporting 
the right postero-lateral radial. 

Radials five ; irregular in form and size, the postero-lateral one 
considerably smaller than the others. The two posterior radials 
as well as the anterior one pentangular, truncate above, and 
they support a short subquadrangular brachial ; the two antero- 
lateral ones hexagonal, angular above, supporting on each side an 
arm. The line of articulation between the three former radials 
and their respective brachials is widely gaping, and the mode of 
articulation similar to that of all later Poteriocrinidae. The 
brachials, although short, are twice as wide at their union with 
the radials as along their upper ends, which are truncate, moder- 
ately concave, each supporting a single arm. The two other 
►radials, which have angular upper faces, are slightly constricted 
along their upper ends so as to indicate an anchylosis of 
brachials and radials. 

Nothing is known of the ventral surface except imperfect 
impressions of small pieces. The azygous plate is unusually 
large, subquadrangular or trapezoidal ; placed obtusely between 
the posterior basal and the right postero-lateral radial ; its upper 
angle, which extends almost to the top of the radials, is slightly 
truncated and supports the ventral tube, its left upper side abuts 
against a large subquadrangular anal plate. Column apparently 
small and circular. 

1847. Tribraohioorinua Clarkei (Type of the genus) McCoy, Ann. and Mag. Nat. 

Hist., Vol. XX, p. 228, PI. 12, Figs. 2, a.b.c.-Pictet 1857, Traite de Paleont., 

Vol. IV, p. 321. — Carboniferous. — Australia. 
1884. T. oorragatui Rattc, Proceed. Linnean Soc. of New South Wales, Vol. IX, Pt. 

4. — Carboniferous. — Australia. 
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b. Qraphiocrinites. 
GBAPHIOCRIITOS De Koninck, Rev. i, p. 121. 

• 

Graphiocrinu8 has a bilateral symmetry, and is in some 
respects higher developed than the preceding genera, owing to 
the absence of the azygous piece. It has only an anal plate, and 
this is small and placed between the radials, resting upon the 
truncate upper side of the posterior basal. The ventral sac is 
cylindrical, and in Graphiocrinus rudis composed of longitudinal 
rows of subquadrangular pieces. We have not been able to 
examine the tube in other species, and hence are not aware 
whether the arrangement of these plates is of generic value. The 
species heretofore referred to Graphiocrinus have but a single 
brachial and ten arms ; we have, however, in our collection an 
undescribed species with only five arms. 

No additional species have been described. 

BTTRSACRINU8 M. and W., Rev. i, p. 123. 
Syn. Synyphocrinus Trautschold, Bull., 1880. 

In a paper M Ueber Synyphocrinus," Trautschold described a 
new species from Moscow, for which he proposes the above 
generic designation. He asserts that it differs from- Poleriocrinus 
and allied genera in having " pentagonal, roof-like second radials, 
and these provided along the ventral side with two thorn-like 
processes, separated by the tentacle furrow ; " that the third 
radials had similar processes and re-entering angles, overlying 
and covering the roof of the preceding plate; that the upper 
truncate side supported two bifurcating plates ; that the species 
had no pinnules, and that the vault rested upon the thorn-like 
extensions of the third radials. We think Trautschold misunder- 
stood his specimen. From his own figures and descriptions it is 
evident that the calyx, as in other Fistulata, contained a single 
radial, and that all succeeding plates were free, and true arm plates. 
His " second radial " is grooved for the reception of the " tentacle 
furrow," and, as shown by its form, a regular bifurcating plate, 
his remarkable " third radial " represents the two proximal arm 
plates, placed aside of each other, given off from the plate below. 
That pinnules were present in this species is shown even by the 
figure in which their faces are plainly represented. The processes 
at the inner side have no generic value, they are in connection 
with the articular faces of the plates, and are found, more or less, 
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in all later Poteriocrinidae. Prof. Trautschold overlooked the 
only important distinction between his form and Poteriocrinus. 
His species has a single anal plate within the dorsal cup, while 
Poteriocrinus has three. However, in this character Synypho- 
crinus resembles Graphiocrinus, and especially the subgenus 
Bursacrinus, which has the same general form, a similar funnel- 
shaped underbasal cup, and also branching arms. 

It is possible that Poteriocrinus meekianus Shum. (Swallow's 
Geol. Rep. Missouri) is a Bursacrinus, but it may be a Barycri- 
nus. Only the dorsal cup is known. 

Additional species : — 

♦1881. Bursacrinus oornutns (Trautschold), Synyphoorinus cornutus, Bull. Mos- 
cow, Ueber Synyphocrinus. — Berg-Kalk. Mjatschkowa, Russia. 

(?) Subgen. PHIALOCRINTJS Trautschold, Rev., i, p. 124. 

CERIOCRIinJS White (not Koenig). i 

(Emend. W. and Sp.). 

1880. White, U. S. Geol. 8urv. under. Hayden for 1878. Paleont., Nos. 
2-8 (Author's Ed., p. 12). 
Syn. JSupaehycrinus (in part), W. and Sp., 1878 ; M. and W., 1873. 
Syn. Eriotocrinus (in part), White, 1879. 

Geriocrinus is very interesting as representing a link between 
the unsymmetrical Eupachycrinus and the symmetrical Erisocri- 
nuB. The three are very similar, and some of the species cannot 
be separated even specifically, unless the azygous side is exposed. 
We were at first inclined to follow Meek and Worthen in placing 
species with one and three anal (azygous) plates under Eupachy- 
crinus, which has three in its typical form, and to separate those 
only which have no azygous plates within the dorsal cup. Our 
way of disposing of this question was contrary to the rules laid 
down by ourselves among other groups, but we took it to be a case 
of rapid and extravagant development, and as such possibly only 
of specific value. A similar view, but in a somewhat different 
direction, was taken by Dr. White, who placed in his Geriocrinus 
species having an " anal plate " between the radials (none below), 
together with species in which a similar plate is supported by the 
radials (beyond the limits of the dorsal cup), and he ranked 
Geriocrinus as a subgenus of Erisocrinus. 



1 Koenig's genus has not been accepted (see De Loriol, Monogr. des 
Crin. Foss. de la Suisse, 1877, p. 61). 
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We are not satisfied whether the piece resting upon the radials 
(White's fig., 5 a) is equivalent to the one between the radials (his 
fig., 5 c), it is at least possible that the former is the anal plate, 
the latter a plate of the tube, or, as it is generally called, the third 
anal plate. We, therefore, cannot agree with White in consider- 
ing the two forms generically identical, and much less specifically. 
If the difference in the two specimens was to be explained by 
individual development, that perhaps the anal piece had been 
resorbed in the adult, the specimens should differ in size, which 
is not the case. Throughout the coal-measures we find both 
forms side by side and of nearly equal size, a certain proof that 
the modification took place in the genus, and not in the individual. 
We must therefore either separate the two forms generically, or 
unite both with Eupachycrinus. 

We stated under Eupachycrinus that we separate from that 
genus all species with a single azygous plate, and these we place 
under Ceriocrinus. Contrary to White, however, we exclude 
those species in which that plate rests upon the radials, which we 
place under Erisocrinus. Whether Erisocrinus and Ceriocrinus 
are full genera or only subgenera of Eupachycrinus, or the latter 
two of Erisocrinm, is a question which we leave open. 

Ceriocrinus occupies the same relative position to Graphio- 
crinus as Zeacrinus to Woodocrinus, and as Eupachycrinus to 
Scytalocrinus, their differences being more of degree than of kind. 

We refer to Ceriocrinus the following species : — 

•1875. C. Craigii (Worthen), Eupachycrinus Craigii, Rev. i, p. 13S. 

•1873. C. fayettensis (Worthen), Eupachycrinus fayettensis, Rev. i, p. 138. 
1866. C. inflexus (Geinitz), Cyathocrinus inflexus, Carbon, and Dyas in Nebraska, 
p. 62, PI. 4, fig. 20; White, 1876, Scaphiocrinus carbonarius (not M. and 
W.). Powell's Rep. Geol. Uinta Mts., p. 89; White 1880, Ceriocrinus 
inflexus, 12th Ann. Rep. Terr., by II ay den for 1878 (author's ed., p. 127). — 
Carboniferous. Grand and Green River. Utah and Nebraska. 

•1858. C. hemisphericus (Shutn.), Scaphiocrinus (1) hemisphericus, Trans. St. 
Louis Acad. Sci., vol. i, p. 221. Meek 1872, Final Rep. on Nebraska, p. 
147, PI. 5, Fig. 4, and PI. 7, fig. 1 ; also Geol. Rep. 111., Hi, p. 561, PI. 24, fig. 
5. — Carboniferous. This species we took (Rev. i, p. 138) to be a synonym 
of Eupachycrinus Craigii, but, if Meek's identification is correct, it is a 
good species. The plates, which in the latter are strongly spiniferous, are 
in the other but little convex. 
1880. C. planus (White), Erisocrinus planus (Type of the genus), Proc. U. 8. Nat. 
Mus., vol. ii, p. 257, figs. 6-7. White 1880, Erisocrinus (Ceriocrinus) 
planus, 12th Ann. Rep. Terr., by Hayden, for 1878, Author's copy, p. 127, 
PI. 35, fig. 5 c (not 5 a = Erisocrinus White).— Coal measures. Humbold 
River, Ky. 



NOTE TO PAGE 255. 

Our statement as to the basals of Rhizor runts is erroneous. 
In both species the base is divided, as shown by the Challenger 
Hep., PL X, figs. 2 and 3, though in one of them the plates seem 
to be so closelv united, that the sutures were overlooked both bv 
Sars and Sir Wy ville Thomson. We are indebted to Dr. P. H . 
Carpenter for kindly calling our attention to this error, and a 
similar one on p. 213. 

We also made the erroneous statement, 5th line from bottom, 
that anchylosed underbasals had been observed "even among 
Neocrinoidea.' , When we wrote this we had reference to the 
Apiocrinida?, in which we regarded, until lately, the top-stem- 
joint for an anchylosed underbill disk. 

To avoid any misunderstanding, we add in connection with 
our remark upon the base of Phttyer'nuts, that, while in our 
generic description in Pt. II, we have followed previous authors, 
and treated it as composed of three unequal plates, the basal 
disk in most eases is actually but one piece, modified from three. 
Only in verv rare cases suture lines are visible, in others 
shallow superficial grooves are seen in their place ; in the 
majority of cases, however, not a vestige of either sutures or 
grooves can Ikj discovered, and among the many hundreds of 
detached bases we have vet to see the first one in which the 
plates had parted, or could l>e separated. 

In proposing the name Erisor runts IVIu'tci, Ave had overlooked 
that Meek & Wort-hen alreadv, in ISttN, had used that name for 
some other species, and we therefore change our species to 

ifc Erisocriiuts roynftftts." 

Dr. Carpenter also directed attention to our statement on p. 
231, Dth and 10th lines from top, protesting that he ever had 
taken Stenutittfocrimts and Erisnr runts to be Xeocrinidea. We 
acknowledge our mistake, and change the sentence as follows : 
Carpenter takes only Eitrrhnts % but not Erisucrituts and Stnu- 
maior 'runts to be Xeocrinodea. although both have no anal 
plate between the radials. 
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c. Erisocrinites. 
EBISOCRIinrS Rev. i, p. 139. 

Admitting Ceriocrinus, we place under Erisocrinus all species 
in which no azygous plates are represented at the dorsal side, 
but we also include those in which a plate of the ventral tube 
rests upon the radials. In all probability was the latter piece 
always present in this genus. The structure of the arms is the 
same as in Encrinus and Eupachycrinus. 

The only new species to be added in the list is : 

•1880. Eritocrinus Whitei W. and Sp., En'toerimu (Ceriocrinus) planus (in part). 
White 12th Ann. Rep. Terr, by Hayden for 1878 (Author's copy, p. 127, PI. 
35, Fig. 5a (not 5c = Ceriocrimis planus). Distinguishing the specimen Fig. 
5c specifically, we propose the above name for the other to avoid confusion. 

STEMMATOCRIinJS Trautschold, Rev. i, p. 141. 

In Part I, we separated Stemmatocrinus from Erisocrinus only 
subgenerically, from the fact that it agrees with that genus in all 
its particulars, except that the underbasals consist of a single 
plate instead of five in the other, which we explained by anchy- 
losis. This explanation was doubted by Carpenter, who in the 
Chall. Rep., p. 152, says : " the plate in question appears to me 
much more truly represented by the central pentagonal piece on 
which the basals rest, and it is obviously what Schultze calls 
* eine funfseitige aus der Erweiterung des obersten Saulen- 
gliedes gebildete Platte. 1 " And again: "the analogue of the 
development of the other calyx plates indicates that they (the 
underbasals) are primitively five separate plates like their h%mo- 
logues in the apical system of Ophiurids and starfishes ; and a 
theory which would homologize them with a plate that first 
appears as a simple ring seems to me to run counter all true 
notions of morrftlology. ,, We confess that we do not understand 
Carpenter's argument, for we believe Stemmatocrinus had primi- 
tively five plates, which were united by anchylosis leaving no 
vestige of the sutures. Similar cases of anchylosis among basals 
and underbasals have been observed among other Palseocrinoidea 
and even among Neocrinoidea. In one of the two species of the 
recent genus Rhizocrinus^ the basals are distinctly divided, in the 
other united by anchylosis. In Platycrinus it is absolutely impos- 
sible to discover a suture between the basals, the anchylosis 
between the plates is complete, and only in comparatively few 



256 180 

species the place of union is still indicated by a depression. Such 
is the case also in Dolatocrinus and Stereocrinus. In Agassizo- 
crinu8 an anchylosis takes place between the underbasals, all 
suture lines disappear in the older specimens. In Eupachycrinus 
ornatus and Eupachycrinus gemmi/ormis, which occur in the 
same bed with Stemmatocrinus cernuus, the sutures are fre- 
quently not visible, and the plates apparently constitute a solid 
disk which in form and proportions resembles that of Stemmato- 
crinus. 

STEMMATOCRINUS TRAUTSCHOLDI l nov. sp. 
(PI. 9, figs. 7 and 8.) 

Of large size. Dorsal cup subglobose ; plates heavy. Under- 
basals of medium size, anchylosed, forming a solid pentangular 
plate with concave sides, the latter with a somewhat waving 
outline. The plate is slightly convex, except the columnar 
attachment which is rather deeply impressed. There are abso- 
lutely no sutures visible either upon the dorsal aspect or upon 
the inner floor. The centre is perforated by a minute star-shaped 
canal, with rays directed radially. Basals about as long as wide, 
pentagonal in outline, but really hexagonal, the two lower sides 
having together the length of the four others ; their upper sides 
convex. 

Radials once and a half to twice as long as wide ; concave 
along their basi-radial suture, along their distal side slightly 
excavated. The articular faces are directed upward and occupy 
nearly the full width of the plates. The articulation with the 
brachials is by a transverse ridge with a central canal and shallow 
fossae. Brachials two, both extremely short but deep. They 
are followed by several short, cuneate pieces. The upper part of 
the arms is not known. 

The specimens show traces of interradial plate* resting against 
the inner edges of two radials, of which the places of attachment 
are plainly visible (PI. 9, fig. 8), and detached plates were placed 
aside of them. 

Geological Position, etc. — From the Keokuk limestone near 
Nashville (White's Creek), Tenn. The original specimens, some 
thirty in number, are in our collection. 



1 In honor of Prof. Trautschold of Moscow, Russia, the author of the 
genus, who had the kindness to send us a beautiful series of the Mjatsch- 
kowa Crinoids. 
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Family XXIIL— ENCRINIDiE Pictet. 

J. S. Miller refers the genus Encrinus, together with Penta- 
crinus, to his Articulata, Poteriocrinus to his Semiarticulata. 
Zittel, and after him De Loriol, to the Articulata of Miiller; 
while they refer the closely allied Poteriocrinus to Miiller's Tes- 
sellata. The mode of articulation is identical in Encrinus and 
the later Poteriocrinidae, as pointed out in our general remarks 
on the Fistulata, and our notes on the Poteriocrinidae. A sepa- 
ration, therefore, in the sense of either Miller or Miiller, cannot 
be carried out practically. A ventral covering was never found 
to be preserved in Encrinus, and as the same thing happens to 
be a rule among all fossil Neocrinoidea, it was postulated that 
this genus had an open perisome, and as such was a Neocrinoid. 
However, the ventral surface is also unknown among the Poterio- 
crinidae, which are universally regarded as Palaeocrinoids. Neither 
is the absence of azygous plates in the dorsal cup exclusively 
found among Neocrinoidea — we need only allude to Codiacrinus, 
Ceriocrinus and Erisocrinus — nor the presence of two brachials 
(three radials), which was pointed out by Carpenter a good dis- 
tinctive character. The latter is a very common occurrence among 
the Poteriocrinidae, among which we failed even to make it a 
generic distinction. We are willing to admit that Encrinus con- 
stitutes a transition form toward the Neocrinoidea, it is even 
possible that in the adult the interradials became partly or wholly 
resorbed, but it is otherwise so closely connected with the Poterio- 
crinidae that we must regard it a Palaeocrinoid or place also the 
Poteriocrinidae among the Neocrinoidea. 

Pictet, and after him Dujardin and Hupe*, placed Encrinus 
under the Pycnocrinide*es, which they subdivided into EncrinienSj 
Apiocriniens and Pentacriniens. This division was accepted by 
De Loriol in his work on the Swiss Crinoids, but in his later 
monograph on the Crinoids of France he followed Zittel, who 
made it the type of a distinct family of the Neocrinoidea. All 
writers preceding us, with the exception of Zittel, described En- 
crinus with 3X5 radials, although the two upper plates are 
laterally free, and morphologically and functionally identical 
with the brachials of the Poteriocrinidae. 

We agree with De Loriol and Zittel that Von Meyer's genus 
Chelocrinus, which is based on species having a second bifurca- 
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tion in the arms, cannot be sustained. His Dadocrinus } however, 
seems to be a good generic form, and will be treated by us as 
such. We separate from the Encrinidae Picard's Encrinus Bey- 
richi, which we refer to the Belemnocrinidse. Von Meyer's genus 
Calathocrinus, which some writers assert to be identical with 
Encrinus, is known only from a single imperfect specimen. 



ENCRINTTS (Lamarck), J. S. Miller. 

1816. Lamarck, Descr. des Animaux sans vertebras (Ed. i), vol. ii, p. 435. 
1821. Miller, A Natural History of the Crinoidea, p. 87. 
1823. Schlotheim, Nachtr. z. Petrefactenkunde, p. 385. 
1826-83. Goldfuss, Petrefacta. Germ., vol. i, p. 177. 
1857. Pictet, Traits de Palcont. (Ed. ii), vol. iv, p. 837. 
1857. Beyrich (in part), Ueber die Crinoid. d. Musohelkalk (Berl. Acad. d. 
Wissenschaften ) . 

1876. Quenstedt, Petrefactenk. Deutschlands, vol. iv, p. 455. 

1877. De Loriol, Monogr. Crin. Fobs, de la Suisse, p. 7. 
1879. Zittel, Handb. d. PalsBontoiogie, i, p. 383. 

1882. De Loriol, Paleont. Francaise (Ser. I), Crinoidea, p. 6. 

Syn. Entrochu* and Trochites Agricola ; Chelocrinus and perhaps 
Calathocrinus v. Meyer, (?) Tetracrinus Cotullo, FlabeUocrinug 
Klippstein, and (?) Cassianocrinu* Laube. 

Generic Diagnosis. — Dorsal cup regularly pentamerous ; short, 
saucer-shaped ; composed of 5 underbasals, 5 basals and 5 radials, 
all equal in size and form ; there being no azygous plates. 

Underbasals minute, rhomboidal, forming together a five-rayed 
star ; entirely covered by the top stem joint. Basals small, hexa- 
gonal, for the greater part hidden by the column. They rest with 
their lower sides between two underbasals, are laterally united, 
support with their sloping upper sides the radials, and form 
jointly a pentagon with almost straight sides. The radials are 
large, subquadrangular ; their distal sides once and a half as wide 
as their lower or proximal sides ; they are thick, heavy, the faces 
toward the basi-radial suture somewhat hollowed out, showing 
shallow fossae, while their lateral faces indicate a syzygial union. 

Brachials two, the first quadrangular, the other pentangular ; 
they are heavy plates with straight lateral faces by which they 
abut against the apposed faced of adjoining plates. The upper 
plate is axillary, supporting two arms, which either remain simple, 
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or of which one or both from the second plate branch again. 
Arms massive, composed of short transverse plates, which in 
their upward arrangement change from quadrangular pieces with 
strictly parallel sides to cuneiform and gradually interlocking 
plates ; some of them, however, possess a fully developed biserial 
arm structure. The union between radials and first brachials, 
and also between the axillaries and proximal arm plates is by 
articulation, the apposed faces having highly developed facets 
with transverse ridges, and a central canal and fossce. The 
two brachials are united by syzygy, as also the two proximal arm 
joints. 

In Encrinus, the inner floor of the dorsal cup is grooved by 
five primary canals, which, as they pass outward, bifurcate within 
the basals, and the ten secondary canals thus formed proceed to 
the radials, and thence after dividing again to the arms. These 
grooves which are by no means restricted to Encrinus or to the 
Neocrinoidea, are, according to P. H. Carpenter (his paper on the 
Oral and Apical system of Echinoderms, Quart. Journ. Microsc. 
Sci. London, 1880, p. 362), passages for the fibrillar cords going 
out from the interradial angles of the chambered organ. 

Nothing is known of the ventral surface, except in a young 
specimen in which we thought to observe a few plates of a ventral 
tube. The interradial plates, owing to the large size of the artic- 
ular facets, must have been small at any time, and possibly were 
absorbed in the adult. Column composed of circular joints with- 
out cirrhi. 

Geological Position, etc. — Muschelkalk, Trias. Germany and 
Switzerland. 
We recognize the following species : — 

1847. Encrinus aculeatus v. Meyer, Leonh. Bronn's Jahrb., p. 576; also Palaeontogr. 
i, 1851, p. 262, PI. 32, fig. 1 ; also Bcyrich 1857, Crin. des Muschelk., p. 38, 
PI. 1, figs. 16 a, b. — Muschelkalk, Trias. Upper Silurian, Germ. 

1850. £. Brahlii Owerwcg, Zcitschr. d. deutsch. geol. Gesellschaft, vol. ii, p. 6; also 
Beyrich, 1857, Crin. des Muschelk., p. 39, PI. 2.— Muschelkalk, Trias. 
Riidersdorf, Qerin. 

1856. E. Carnalli Beyrich (Chelocrinns Carnalli), Zeitsch. d. deutsch. geol. Gesellsch. 
p. 10; also Leonh. Bronn's Jahrb. (1856), p. 28. — Muschelkalk, Trias. 
Riidersdorf, Germ. 

1877. E. Grephini De Loriol, Crinoides Foss. de la Suisse, p. 1 2.— Muschelkalk. 
Meyenbiibl, near Basle, Switzerl. 
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1816. E. liliiformil Lamarck, Desor. des Animanx sans verte"bre*, 1 6dit., vol. ii, p. 
435, Schlotheim 1820, Petrefactenk., p. 335.— Agassis, 1885, Prodr. Mem. 
Soc. Sci. nat. de Neuohatel, vol. i, p, 195. — Dujardin (in Lamarck), 1840, 
Descr. des Animaux sans vertebres, 2me 6dit., vol. ii, p. 651. — Desor, 1845, 
Notice sur leg Crinoides Suisses, p. 3 ; Bull. Soc. Sci. nat. de Neuchatel, vol. . 
i, p. 211.— Pictet, 1857, Traitfi do PalSont., 2me £dit., vol. iv, p. 337, P!. 102, 
fig. 4. — Beyrich, 1857, Ueber die Crin. des Muschelkalkes, p. 1, PI. 1, fig. 1- 
12. — Strombeck, 1856, Ueber Missbildungen von E. liliiformil, Palaeonto- 
graphica, vol. iv, p. 168, PI. 31. — Dujardin et Hup6, 1862, Suites a Buffo n 
Echinoderms, p. 164. — Ooster, 1865; Syn. des Echin. des Alpes Suisse*, p. 
10 ; Moescb, 1867, der Aargauer Jura, pp. 26, 27-30 (Beitr'age x. Geol. Karte 
der Schwciz, 4te Liefer.); Greppin, 1870, Desor. g£ol. du Jura bernois, p. 13. — 
Moesch, 1874, der slidliche Aargauer Jura, p. 4, Anhang, p. 6. — Quenstedt, 
1876, Petrefactenk. Deutschl., vol. iv, p. 455, PI. 106, figs. 143-184.— Bronn, 
Klassen des Thierreicbs ( Actinozoa), vol. ii, PI. 29, fig. 3. — De Loriol, Crinoid. 
Fo8S. de la Suisse, 1877, p. 9. — Zittel, Handb. d. Palaeont., i, p. 383. — 
Muschelkalk Trias. Germany and Switzerland. 

Syn. Lily encrinite, 1808, Lamarck, Organ. Remains, vol. ii, p. 14, figs. 1-3. 

Syn. Enorinites moniliformis Miller, 1821, A Nat. Hist, of the Crinoidea, p. 
37, PI. 1, 2, 3 ; also Goldfuss, 1826-33, Petrefacta Germ., vol. i, p. 177, PI. 54. 

Syn. Pentacrinus entrocha Blainville, 1834, Manual d'Actinologie, p. 257, PI. 
28, fig. 2, and ibid., p. 657. 

Syn. Encrinus entrocha D'Orbigny, 1839, Monogr. des Crinoid., PI. 18; also 
D'Orbigny, 1850, Prodrome, vol. i, p. 178. 
1835. Enorinites Sohlotheimi Quenstedt, Wiegm. Arch., ii, p. 227, vol. 4, fig. 1 ; also 
1852, p. 614 ; also Chelocrinus Sohlotheimi H. v. Meyer, 1837, in Leonh. 
Bronn 's Jahrb., p. 316, and Mus. Senkenb., ii, 1837, p. 262, vol. 16, fig. 9; 
also Bronn, Lethaea (Edit. 3), Bd. iii, 185 L, p. 48, vol. 13, fig. 3.— E. Beyrich. 
Ueber die Crinoid. des Muschelk., 1857, p. 34, vol. i, fig. 13. — Muschelkalk, 
near Gottingen, Germany. 

Syn. Chelocrinus pentactinus H. v. Meyer, 1837, Leonh. Bronn's Jahrb., p. 
316; also 1837, Mus. Senkenb., ii, p. 262, vol. 16, fig. 8; also L. v. Buch, 
1848, in Leonh. Bronn's Jahrb., p. 690. 

Syn. Encrinus liliiformis, Ueber Missbildungen, Strombeck, 1849, Zeitschr. 
d. deutsch. geol. Gesellsch., i, p. 163; 1855, Palseontogr., iv, p. 177. 

Syn. Encrinus pentactinus, Bronn, 1837, Leonh. Bronn's Jahrb., p. 30, vol. 2, 
1851; also Lethaea Geogn. (Ed. 3), Bd. iii, p. 47, PI. 13, fig. 1.— Also 
Geinitz, 1838, Leonh. Bronn's Jahrb., p. 530. 

DADOCRINUS v. Meyer. 

1847. v. Meyer, Leonh. Bronn's Jahrb., p. 575. 

1851. v. Meyer, Palseontographica, i, p. 266. 

Syn. Encrinu* (in part), L. v. Buch, Bericht Berl. Acad., 1845, p. 
27 ; also Beyrich, Ueber Crinoideen des Muschelk., p. 42 ; also De 
Loriol, 1877, Crin. Foss. de la Suisse, p. 8 ; also Zittel, Handb. d. 
PalsBont., i, p. 888. 

This genus has not been accepted by Beyrich, Zittel, nor De 
Loriol. It was proposed by H. v. Meyer for a species previously 
described by L. v. Buch under the name of Encrinus gracilis. 
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The latter has a turbinate calyx, underbasals (observed by Bey- 
rich not by H. v. Meyer), an apparently round stem ; ten arms 
which are not very closely folded, composed of cuneiform flat 
joints, and pinnules which are alternately arranged. The totally 
different form of the dorsal cup seems to us sufficient to warrant 
the generic separation. L. v. Buch's typical specimen came from 
Recaoro, Italy, and was supposed by Bey rich to be identical with 
certain fragments which had been discovered in the Trias of 
Upper Silesia, too imperfect, however, for critical comparison. 
From this locality a more perfect specimen was found lately by 
Mr. II. Eunisch, who figured and described it in the Zeit- 
schrift d. deutsch. geol. Gesellsch. Jahrg., 1833, under the title 
" Ueber den ausgewachsenen Zustand von Encrinus gracilis 
Buch." We cannot altogether agree with Mr. Eunisch in his 
views. The Silesian species is, in our opinion, essentially differ- 
ent from the Italian one. The column is pentagonal in place of 
circular ; the arms rounded, angular at the outer face, and the 
pinnules are given off alternately from every second joint, every 
other one being united by syzygy ; contrary to the typical species, 
which has flat arms, cuneiform joints, and of which every joint is 
pinnule-bearing. The distinctions are so obvious that a specific 
separation is necessary, and we propose for the Silurian species 
the name Dadocrinus Kunischi. To explain the diversity in the 
arm-structure by individual growth is at variance with the obser- 
vations made upon recent as well as fossil Crinoids. We agree 
that the arms undergo important modifications in their growth, 
but we do not find cuneate arm joints turning into quadrangular 
ones, though frequently the opposite is the case ; nor that single 
joints are undergoing segmentations and are uniting again by 
syzygy. The angles of the column in Dadocrinus Kunischi are 
directed interradially, thus proving theoretically the base to be 
dicyclic, which could not be ascertained from the specimen. 
We propose the following : — 

Revised Generic Diagnosis. — Form of dorsal cup obconical. 
Underbasals small, covered by the column; basals forming an 
elongate hexagonal cup. Kadials comparatively smaller than in 
Encrinus j but yet twice as large as the basals. Brachials in 
number, form and articulation as in Encrinus. Arms long, uni- 
serial, composed of single or compound joints, the latter united 

9 
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by 8} T zygy ; pinnules long, and placed far apart. Colnmn round 
or pentangular, with or without cirrhi. 

1845. DadocrinuB gracilis (L. v. Buoh), v. Meyer, EncrinuB gracilis, Berioht d. 
Berl. Acad., p. 27.— Dadoorinus gracilis H. v. Meyer (Type of the genus), 
1847, Leonh. Bronn's Jahrb., p. 575 ; also Palseontogr., i, p. 266, PI. 31, fig. 
2 and PI. 32, figs. 4, 5, 6; PI. 31, figs. 9, 13 ; PI. 32, fig. 7.— Enorinus gra- 
cilis Bey rich, Ueber die Crin. d. Muschelk., p. 42, PI. 1, fig. 15. — Musehel- 
kalk Trias. Reoaoro, Italy. 
•1884. D. Kunischi W. and Sp. Described and figured by Mr. Kunisch as Encrinui 
gracilis, Zeitschr. d. Deutsoh. geol. Gesellsch., Jahrg., 1883, p. 195, with 
plate. — Musohelkalk. Upper Silesia. 

Family XXIV.— A.STYLOCBINIDJE Roemer. 
The Astvlocrinidfle embrace only the genus Agassizocrinus, which 
Pictet referred to the Comatulidae, Zittel to the Poteriocrinidae. 
Roemer included in this family Marsupites. We place here pro- • 
visionally the genus Edriocrinus, which, however, in all proba- 
bility, forms a family by itself, being sessile in early life, and 
having no underbasals. 

AOASSIZOCBINTTS Troost. 
(PI. 5, fig. 17.) 

1850. Troost, Journ. Am. Ass. Adv. Sci. Carab. Meeting, p. 60. 

1851. Owen and Shum., Journ. Acad. Nat. Sci. Phi la. (n. ser.), vol. ii. 
1853. Shumard, Marcy's Rep. Red River Exped., of Louisiana, p. 173. 

1852. Owen and Shum., Geol. Rep. la., Wise, and Minn., p. 597. 
1H58. Hall, Geol. Rep. Iowa, vol. i, Pt. ii, p. 684. 

1873. Worthen, Geol. Rep. Illinois, vol. v, p. 556. 

1874. Meek, Amjr. Journ. Sci. (Ser. 3;, vol. vii, No. 41, p. 484. 
1879. Zittel, Handb. d. Palroontologie, i, p. 361. 

Syn. Astylocrinus, 1854, F. Roemer, Leth. Geogn. (Ausg. 3), p. 229; 
also Dujardin and Hup 6, 1862, Hist, natur des Zooph. Echin., p. 159. 

The name Agassizocrinus appears in Troost's List of the Cri- 
noids of Tennessee, but the genus was not defined until 1853, 
when Shumard, in Marcy's Report on the Red River Expedition, 
published Troost's MS. of Agassizocrinus dactyliformis, which he 
accompanied with a short generic description of his own. Asty- 
locrinus was proposed by Roemer as late as 1855, when he described 
under the name Astylocrinus Isevis, a nearly perfect specimen from 
a plaster cast, sent to him by Shumard 's brother with Troost's 
name Agassizocrinus dactyliformis attached. There cannot be 
the least doubt as to the priority of Agassizocrinus, but it is 
probable that Roemer's specimen, which was Troost's type, is 
specifically distinct from the one figured by Shumard under 
Troost's name, and hence we recognize Roemer's specific name. 



187 263 

Detached plates of Ayassizocrinus are found in great abundance 
throughout the Kaskaskia group, but perfect calices are extremely 
rare. The cause of this is perhaps explained by the mode in 
which the different plates are united with one another. Only the 
underbasals seem to have been united by common suture, and 
these, as a rule, are the onty plates which are not found discon- 
nected in the fossil. The apposed faces of the succeeding plates 
are vertically and horizontally provided with rather conspicuous 
ramifying furrows, which enter the surface of the plates (PL 5, 
fig. 17). The ramifications vary somewhat, even among corres- 
ponding plates, but those of apposed faces correspond with each 
other, and together form small tunnels, which branch once or 
twice, growing narrower at their outer ends. Between basals and 
underbasals there are generally three of these furrows to each 
plate; but they unite to one on entering the underbasal cavity, 
where they seem to communicate with certain pits or openings, 
which have been overlooked by previous writers. 
* The underbasals form an almost solid disk, with a shallow, cup- 
shaped inner cavity. The latter contains six deep pits or cham- 
bers, closed at the bottom, a central one surrounded by five others. 
These pits either contained the lower part of the chambered 
organ, or they indicate where the vessels extended down from 
the chambers into the larval stem. It is possible that the axial 
canals which descend from the body cavity were lodged in these 
chambers, together with the vessels of the latter, and this might 
explain the apparent communication of the pits with the radiat- 
ing furrows above mentioned. But it may be possible, also, that 
the furrows lodged groups of ligamentous fibres, by which the 
union of the plates was rendered firmer and closer than it would 
be when only two smooth surfaces were apposed. The plates, 
however, as a general rule, are found to be disconnected, and the 
radials at their lateral faces possess fossae, thus proving there 
existed a certain degree of mobility between the calyx plates 
generally. Similar ramifying furrows were discovered by us in 
the genus Barycrinus between the apposed articular facets of 
radials and brachials, plates which evidently were not united by 
a close suture. 

Agassizocrinus in the earlier stages was attached by a column, 
but led a free life later on, when the scar to which the stem had 
been attached was gradually obliterated, so as to leave no traces 
behind. The secretion of calcareous matter extended over the 
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greater part of the underbasal disk, which became more elongate, 
until at last the suture lines between the plates disappeared en- 
tirely, although in the young Crinoid these are well marked. 
Owing to the very considerable changes of form, which occur in 
the growing animal, it is extremely difficult to identify the species 
of this genus, and we fear that several of those described repre- 
sent merely different stages of the same species. 

Agassizocrinus globosus and A. papillatus Worthen have been 
referred by us to Cromyocrinus ; his A. hemisphericus, in which 
the underbasals do not extend beyond the column, is either 
Eupachycrinus or Scytalocrinus, probably the latter. 

Generic Diagnosis. — Form of calyx elongate, composed of mas- 
sive plates, and containing a comparatively small visceral cavity. 

Underbasals extremely large ; obconical ; almost solid ; with a 
very small inner cavity. Young specimens have an articular scar 
for the attachment of a column, pierced by an axial canal ; this, 
however, becomes obliterated soon after the Crinoid enters frg* 
life. The inner cavity lodges the chambered organ, and is pro- 
vided with six deep pits, a central one surrounded by five others, 
which either constitute the chambers of this organ or their lower 
extensions. 

Basals large, three of them hexagonal, two heptagonal, but they 
appear to be pentagonal and hexagonal, owing to the convex form 
of the two lower sides. The heptagonal plates enclose, and partly 
support, the azygous pieces, consisting of the azygous plate proper, 
which has a sloping position and is generally large, a smaller anal 
plate, and the first plate of the ventral tube. The size and form 
of the tube is not known, but it was evidently small, perhaps 
similar to that of Cromyocrinus, with which Agassizocrinus agrees 
in the arrangement of its azygous plates. 

Radial s unusually small ; wider than high ; the upper face trun- 
cate ; they are all pentagonal, four of them of nearly equal size, 
the fifth one considerably smaller and of irregular form. The 
articular facets are on a level with the outer edges of the plates, 
they are somewhat extended inward, and pierced by a transverse 
axial canal. The articulation between calyx and arm3 is regu- 
larly bifacial, resembling that between the oval stem-joints of 
Platycrinus. The brachials are single, axillary, and abut later- 
ally against each other. The arms are long, rather stout, rounded , 
and composed of short, cuneate pieces. Pinnules strong. 

The mode of union between the plates of the calyx is variable. 
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The underbasals were united by a common suture, the lines of 
which in the adult Crinoid are completely obliterated. The basals 
possess, among each other, and where they meet the underbasals 
and radials, ramifying furrows, along their faces, which, together 
with similar furrows on apposed faces, form tunneled passages, 
probably containing ligament; the lateral faces of the radials, 
however, are excavated for fossae. 

Geological Position, etc. — Restricted, so far as known, to the 
Easkaskia group of America. 

The following species have been described : — 

1873. Agftsiiffooxinui carbonarius Worthen, Oeol. Rep, 111., v, p. 566, PI. 24, fig. 4. 

— Coal measures. Shelby Co., 111. 
1873. A. chesterensis Worthen, Geol. Rep. 111., v, p. 558, PI, 21, fig. 9.— Easkaskia 

gr. Chester, 111. 

1851. A. ConictlB Owen and Shum., Journ. Aoad. Nat. Sei. Phila. (n. ser.), vol. ii, p. 

03, PI. xi, fig. 6. — Geol. Rep. Iowa, Wise., and Minn., p. 597, PI. 5 b, fig. 6. 
—Meek and Worthen, 1873, Oeol. Rep. Illinois, PI. 21, fig. 8.— Kaskaskia 
limest. Chester, Illinois. 

1858. A. conatriotus Hall, Geol. Rep. Iowa, vol. i, p. 687, PI. 25, fig. 10. — Easkaskia 
gr. Chester, Illinois. 

1850. A. daotyliformis Troost, Type of the genus. List Crin. Tenn. Cambr. Meet., 
p. 60; Shum. 1853, Marcy's Rep. Red River, p. 173.— Hall 1858, Geol. Rep. 
Iowa, vol. i, p. 635, with diagram. — Easkaskia gr. Chester, III., and Crit- 
tenden Co., Ey. 

1858. A gibbous Hall, Geol. Rep. Towa, vol. i, p. 686, PI. 25, fig. 6.— Worthen 1873, 
Geol. Rep. III., v, PI. 21, fig. 11. — Easkaakia gr. Chester, 111. 
A. gracilis Troost is a eatalogue name. 
•1855. A. laevis (Roemer), Astyloorinus leevis (Second type of the genus), Leth. 

Geogn. (Ausg. 3), p. 229, PI. 4, fig. 13. — Easkaskia gr. 
♦1852. A. oooidentalis Owen and Shum. (Poteriocrinus ooci den talis), Journ. Aoad. 
Nat. Soi. Phila. (n. ser), vol. ii, p. 92, PI. xi, fig. 5; also Geol. Surv. of 
Iowa, Wise, and Minnes., p. 596, PI. v 6, fig. 4. — (Probably a young speci- 
men of A. gibbosus Hall). — Easkaskia gr. Chester, Illinois. 
A. pantagonus Worthen, Geol. Rep. 111., v, p. 556, PI. 21, fig. 10. — Easkaskia 
gr. Chester, Illinois. 

1852. A. tumidus Owen and Shum., Journ. Acad. Nat. Sci. Phila., vol. ii, p. 90, PI. 

xi, fig. 3; also 1852, Geol. Surv. of Iowa, Wise, and Minnes., p. 595, PI. v b, 
fig. 3. — Easkaskia gr. Chester, Illinois. 

(1) EDRIOCRINUS Hall. 

1859. Hall, Pal. Rep. N. York, vol. iii, pp. 199 and 143. 

1833. Hall, loth Rep. N. York. St Cab. Nat. Hist., p. 115. 

183S. Meek an 1 Worthen, Geol. Rep. Illinois, vol. iii, p. 119. 

1879. Zittel, Handb. d. Palseoutologie, i, p. 350. 

1883. P. H. Carpenter, Ann. and Mag. Nat. Hist. (May, 1883), p. 333. 

Edriocrinus led a life similar to that of Agassizocrinus, being 
attached in its larval state, and free-floating in the adult. It 
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differs from that genus, however, in haying no underbasals and no 
stem, being simply attached by the basals. In its sessile state it 
resembles the recent genus Holopus, with which it also agrees in 
having an undivided base. 

Generic Diagnosis, etc. — Sessile in its larval state ; free-floating 
in the adult, being attached by the lower end of the basals. 

Basals unusually large, elongate, closely anchylosed so as to 
show no suture lines at the outer face; internally, however, there 
are indications that the base might have been bisected. In the 
young animal the form of the base is irregular and linear, in the 
adult subgiobose or deeply bowl-shaped, and the scar by which 
the animal was attached, becomes totally obliterated by heavy 
deposits of calcareous matter. Owing to this deposit the outer 
form of the base differs considerably from the form of the inner 
cavity, which grows gradually narrower toward the bottom, and 
frequently ends in a sharp point. The walls are massive at their 
lower parts, thin at the upper edge, which shows six excavated 
faces for the attachment of five radials and an anal plate. 

Radials comparatively small, quadrangular, articular facet but 
slightly excavated, occupying the full width of the plates ; pro- 
vided with a transverse articular ridge. The anal plate is in line 
with, and has the length of the radials, but is narrower ; it sup- 
ports a small plate, but beyond that nothing is known of the anal 
apparatus. The structure of the ventral surface has not been 
observed. 

The arms are broad at the base, composed of extremely short 
transverse pieces, of which ten or more occur between the first 
bifurcation. Nothing is known of pinnules, nor of the condition 
of the ventral furrow. 

Geological Position, etc. — Edriocrinus occurs in the Heider- 
berg group of America, in which portions of the basal cup are 
rather abundant. 

1859. Edrioorinui pociUiformis Hall, Pal. Rep. N. York, iii, p. 121, PI. 5, figs. 8-12 ; 
also 1868, Geol. Rep. Illinois, iii, p. 370, PI. 7, figs. 5 a, o. — Lower Holder- 
berg gr. Albany, New York and Perry Co., Mo. 

1862. E. pyriformis Hall, 15th Rep. N. Y. St. Cab. Nat. Hist., p. 116, PI. 1, figs. 23 
and 24: — Upper Helderberg gr. Utica, New York. 

1859. E. saoculus Hall, type of the genus. Pal. Rep. N. York, vol. iii, p. 143, PL 
87, figs. 1-22. — Oriskany sandst. Cumberland, Maryland. 
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Family XXV.— CATILLOCBINIDJE W. and Sp. 

The group of Crinoids for which we propose the name Catillo- 
crinidffi consists only of the genera Catillocrinus and Mycocrinus, 
which have been distinctly separated by all previous writers. 
Catillocrinus, which was described by Meek and Worthen as 
closely allied to Symbathocrinus, was referred by Zittel and De 
Loriol to the Pisocrinidse, which we regard as a mere subdivision 
of the Symbathocrinidae. The form, when we include the arms, 
is similarly cylindrical, the arms rest likewise directly upon the 
first radials, and are composed of a single series of plates. Piso- 
crinus even has irregular radials, which is so characteristic of 
this family, but beyond that the two groups are quite distinct. 
Mycocrinu8, according to Sehultze, forms a family by itself. He 
took it to be a Crinoid without arms, which, in place of arms, he 
thought had been provided along the ventral surface with numer- 
ous ambulacral grooves. Zittel, and also De Loriol, have placed 
Mycocrinus among the genera which were said to be imperfectly 
known. 

In the Catillocrinidae, the calyx is composed of only two series 
of plates, and these are most remarkable for their extremely irreg- 
ular form and distribution. The radials are massive, especially 
at the upper margins, where they are transversely truncated on 
the same plane all round. The radial plates differ in form and 
size. Those of the two anterolateral rays, as a rule, are much 
larger than the three others, but, while at their upper margin 
they are from three to six times as wide as the others, all are at 
the basi-radial suture about equal in width. The anterior, and 
both posterolateral rays, rarely possess more than one arm each, 
but in the two anterolateral ones the arms are always numerous. 
Every arm articulates directly upon the truncate upper margin 
of the radial without the aid of axillary pieces, and remains 
simple from the base up. The arras are in contact all around the 
calyx, and are composed of a single series of very similar pieces. 
They connect with the inner cavity by a peculiar groove, which 
follows the truncate upper face of the radials. This groove con- 
tains the ambulacral canal and food passage, and there is under- 
neath, separated by a solid partition, another groove, which near 
the inner margin penetrates the plate, and takes a distinctly down- 
ward course toward the inner cavity, which throughout this family 
is exceedingly small'. 
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The ventral surface has not been observed, but there is suf- 
ficient evidence to prove that it was similar to that of the other 
Fistulata. 

Catillocrinus has its closest affinities with Calceocrinus. The 
radials of the three anterior rays agree in form and distribution 
so plosely with the radials of Calceocrinus, that we thought at 
first that it also possessed but three rays, and that the two irreg- 
ular plates toward the posterior side were anals and not radials. 
This interpretation had to be given up when we found both these 
plates to be arm-bearing. In Calceocrinus the posterolateral 
rays are entirely absent or transformed into anal plates ; while in 
Catillocrinus those rays are represented in a rudimentary form. 

The Catillocrinidse are meagre in forms and belong to the rarest 
Crinoids. They are restricted, so far as known, to the Devonian 
of Europe and to the Subcarboniferous of America. 

CATILLOCRINUS Troost. 
(PI. 5, figs. 15, 15 a and 16.) 

1850. Troost, List. Crin. Tcnn. Proc. Amer. Assoc. Ad. Sci., p. 60. 

1830. Sliumard, Trans. Acad. Sci. St. Louis, vol. ii, p. 858. 

1868. Meek and Wortlien, Geol. Rep. 111., vol. iii, p. 405. 

1873. Meek and Worthcn, Ibid., vol. v, p. 504. 

1879. Zittel, Handb d. Palaeontologie, vol. i, p. 348. 

1882. De Loriol, Paleontologie Franchise, Crinoids, vol. xi, p. 46. 

Syn. Nematocrinui Meek and Worthen, 1866, Proc. Acad. Nat. Sci. 
Phila., p. 251. 

• 

Troost published the name Catillocrinus in his List of the 
Crinoids of Tennessee, without generic diagnosis. The first de- 
scription was given in 1866, by Sliumard, in a foot-note to his 
Catalogue of the Palaeozoic Fossils of North America, from 
specimens of Catillocrinus Tennessese. He described the calyx 
as composed of three series of plates : the "basals " which were 
said to be covered by the column, and the " primary " and 
" secondary radials." 

Through the kindness of the late Dr. James Knapp of Louisville 
we have had an opportunity to examine several well preserved 
calices of the above species, and can state positively that it has but 
two scries of plates. It seems that Sliumard took the proximal 
joint of the column, which is generally attached, for basal plates, 
and the edges of the basal disk proper for," primary," the true 
radials for " secondary " radials. 
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Of CatillocrinuB Wachsmuthi no descriptions were given of the 
plates in the calyx, but the arm structure of the genus was here 
for the first time described. Meek and Worthen, who had not 
seen Shumard's description of Catillocrinus, and being unac- 
quainted with the arrangement of plates, referred their species at 
first to Symbalhocrinus, not, however, to the typical form, but to a 
new subgenus, for which they proposed the name Nematocrinus, 
On a republication of the species, in vol. iii, of the Geological 
Report of Illinois, the above name was abandoned, and the species 
placed under Catillocrinus. 

In Catillocrinus Bradleyi, Meek and Worthen undertook to 
describe also the plates of the calyx, but without applying to 
them their proper terms. They simply designated them as plates 
of a first and of a second series, except a few plates in the second 
series which they introduced as " anals (?)." Of the five plates in 
this series, three are easily recognized as radials, but also the two 
others, although much smaller and very irregular in form, are 
radials, as both are arm bearing. 

The one toward the right supports at one end an arm, at the 
other an elongate narrow anal plate, which abuts against the sides 
of the proximal arm joints, and has nearly their form, being only 
somewhat larger. Bigsby (Thesaurus Devon ico-Carboniferus, p. 
224) places Catillocrinus as a synonym of Calceocrinus. 

We propose the following : — 

Revised Generic Diagnosis. — General form, when the arms are 
folded, elongate-cylindrical. Calyx in form of a shallow basin or 
cup, concave at the bottom, uniformly truncate at the upper 
margin. It is composed of two series of plates ? the upper one 
supporting the arms, which are very numerous. Test exceedingly 
thin along the basals, thickening rapidly upwards. 

The basal disk is apparently undivided ; the greater part hidden 
by the column. It is irregularly pentagonal, three of its sides 
being nearly equal, the other two, which are adjoining, equal to 
one-half the larger ones. The side opposite the two smaller sides 
extends considerably beyond the column, while at the other side 
the basal disk is either altogether invisible, or reduced to a very 
narrow band. This want of regularity has been observed in all 
specimens, and seems to be characteristic of the genus. 

Radials five, very irregular in form, those of the anterolateral 
rays much larger than the rest. The two larger plates, whose 
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upper margins constitute fully three-fourths of the periphery at 
the top of the radials, occupy together less than one-half of the 
circumference of the basal cup. This disproportion is caused by 
the peculiar form of the other radials, which, notwithstanding the 
great spreading of the calyx, diminish in width upwards. The 
anterior radial is much smaller, heart-shaped, with strongly con- 
vex lateral edges, which converge almost to a point at the top of 
the calyx. The basi-radial suture is somewhat concave, and fully 
as wide as that of the larger plates. The two postero-lateral 
radials together are very little larger than the anterior one ; that 
toward the right is smaller, very narrow, wider at the bottom 
than at the top, and triangular when the sides are straight ; but 
when these are curved, which is more frequently the case, it is 
somewhat lunate. The other radial is quadrangular, fully twice 
as high as wide, and of equal width throughout. 

The articular surface of the radials is provided with conspic- 
uous grooves and intervening ridges, the former with a depres- 
sion near the outer margin of the plate. The grooves along the 
surface take a tortuous or undulating course, and near their inner 
end turn rather abruptly toward the anterior radial. The latter 
plate has generally but one groove, which is deeper than any of 
the others and perfectly straight, but when it has two grooves, as 
is exceptionally the case in Catillocrinus Tennessese, these unite 
before entering the inner cavity. The two larger radials contain 
numerous grooves — the number varying with the species — that 
toward the right, as a rule, has more than the one on the left. The 
former radial has been observed to have in C, Tennessee 27 to 31 
grooves, in C. Wachsmuthi 16 to 20; the plate toward the right 
in the former species has from 21 to 23, the opposite one 15 
grooves. The two small irregular radials have, so far as observed, 
only one groove each. 

In perfect specimens, the grooves are lined by two rows of 
short, transverse pieces, which partly cover the groove, but leave 
underneath a good-sized passage. The plates rest upon the ridges, 
where they abut against their fellows from adjoining grooves. 
With the exception of the ridges and grooves, the truncated 
upper side of the radials forms a uniform plane, interrupted only 
by a small elevation along the left side of the quadrangular radial. 
This elevation is occupied by a small, elongate anal plate, which 
abuts against the two proximal joints of adjoining arms. The 



195 an 

plate is placed on a level with the arm joints, has a like width 
and, therefore, is easily mistaken for an arm plate. 

The anal plate supports a very stout appendage, composed of a 
single row of exceedingly large and heavy plates, longitudinally 
arranged, which, instead of forming into a tube as in the case of 
other Fistulata, are transversely curved like arm joints, leaving 
a rather shallow, semicircular furrow on the inner side. These 
plates are along their back extremely heavy, as thick as the radials 
at their upper margins, but they thin out toward their ends, 
and approaching the furrow become extremely delicate. The 
propqrtions of the plates are well shown by our figure of Catillo- 
crinus Wachsmuthi (PI. 5, fig. 16), in which five of these plates 
occupy an inch, while in the same space there are seventeen arm 
joints. It must be further mentioned that up to that point the 
plates suffered no diminution in height nor in width, nor is there 
any decrease in the thickness of the wall, which in Catillocrinus 
Wachsmuthi, at the top of the fifth joint, is nearly two thirds of 
the whole width of the appendage. The cross section is semilunu- 
lar except at the base. The stoutness of the plates on the one 
side, and the grooved structure on the other, are perhaps due to 
the great thickness of the radial plates upon which the tube rests; 
it had to be so necessarily in order to effect a communication with 
the inner cavity of the calyx. The groove was probably covered 
during life by perisomic plates. No traces either of a vault or a 
disk have been observed. 

The arms rise directly from the truncated summits of the 
radials, without the intervention of axillary plates. There is an 
arm to every groove, and, hence, some of the radials, contrary to 
the rule in other Crinoids, support a large number of arms from 
the same level. The arms are simple, slender, comparatively 
long, scarcely rounded outwardly, of almost uniform size, and 
when closed they appear as if united into a solid wall. The arm 
joints are quadrangular, much longer and somewhat deeper than 
wide, with parallel sutures. Arm furrows deep, triangular. 

The column is circular, composed of thin joints, the upper part 
is very stout but tapers rapidly downward. 

Geological Position, etc. — The genus is apparently restricted to 
the Upper Burlington and Keokuk divisions of the Subcarbonif- 
erous of America. 
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The following species have been described : — 

1868. Catillocrinui Bradleyi, Meek and Worthen, Proc. Acad. Nat. Sei. Pbila,, p. 
342; also 1868, Geol. Rep. Illinois, vol. v, p. 504, PI. 14, figs. 10 o, 6.— Keo- 
kuk limest. Crawfordsville, Ind. 

1850. Catillocrinui Tennessee Troost (Type of the genus). List Crin. Tenn., 
Proceed. Amer. Assoc., p. 60. — Shumard, 186S, Trans. Acad. Sci. St. Louis, 
vol. ii, p. 358. — Keokuk limest., Button-mould Knob, near Louisville, Kj. 

1866. Catilloorinus Waohsmuthi, Meek and Worthen. (Symbathoorinus [Hemato- 
orinui] Waehsmnthi.) Proceed. Acad. Nat. Sci. Pbila., p. 251. Catillo- 
crinui Waohsmuthi, 1868, Geol. Rep. 111., iii, p. 465, PI. 18, fig. 5.— Upper 
Burlington limest. Burlington, Iowa. 

MYCOCRINU8 Schultse. 

r 

1866. Schultze, Monogr. Echin, Eifl. Kalk., p. 223. 
1879. Zittei, Handb. d. Palaontologie, vol. i, p. 380. 

Schultze supposed that Mycocrinus had do arms, but his own 
figures and description indicate the contrary. The radiate are 
provided close to the periphery, and in front of the ambulacral 
grooves, with well developed articular facets, pierced by trans- 
verse slits. 

Mycocrinus resembles the last described genus very closely, but 
differs in the bipartite basal disk, the greater symmetry and regu- 
larity in the arrangement of the radials, and in the general form. 
We offer the following : — 

Revised Generic Diagnosis. — Calyx in form of a mushroom, 
constructed of two series of plates, the upper series forming the 
thallus, the lower the stalk. The plates are massive, of very 
irregular form, and without ornamentation. 

Basals two, large, unequal ; one of them twice as large as the 
other. They are very heavy and form a distinct, subglobose, 
knob-like body, slightly truncate below for the reception of the 
column. Its upper side rises to form a low five-sided pyramid, 
near the outer margins of which there are twelve narrow slits 
parallel to the edges. Two of the sides have three slits each, the 
three others two each. 

Radials five, resting with their inner edges upon the angular 
margin of the basal disk, each plate facing one of the five sides of 
the pyramid. They spread broadly outward from the edge of 
the basals, and extend far beyond their outer margins. Two 
of the radiate are of equal width, much larger than the rest. 
These two are separated from one another at one side by two 
equal, much smaller plates, at the other by a single plate some- 
what larger than the two others. The single plate is more than 
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one-half narrower above than below, owing to an angular exten- 
sion at the lower half of its two lateral faces, which fit closely 
into the adjoining excavated side of the large radials. Similar 
processes arise from the sides of the two smaller plates, but here 
only along the suture toward the larger one, the opposite suture 
being perfectly straight. By means of the lateral extensions, the 
large radials, which at their basi-radial suture have nearly the 
same width as the smaller ones, attain at their upper face three 
times the width of the other plates. 

The articular surface of the radials is truncated, unusually 
thick, and closely resembles that of Catillocrinus. Mycocrinus 
boletus must have had fifteen arms, for there are fifteen rather 
shallow ambulacral grooves, which pass from near the periphery 
of the calyx to the radial centre. There are six upon each of the 
two large radials, and one upon each of the two smaller ones. 
The six grooves upon the two larger radials unite into one, and 
hence there are but five main trunks entering the inner cavity. 
The median part of every groove has a deep linear furrow, which 
takes a somewhat downward course, and penetrates the walls of 
the radials. Close to the periphery, outside of each groove, there 
is a well-marked slit-like axial canal, making fifteen in all, which 
pierce the radials throughout their full length, and enter the upper 
margins of the basals. These canals or tunneled passages are 
evidently axial canals, which entered through the twelve slit-like 
openings at the inner floor of the basals the chambered organ, 
and as such communicated with the arms. 

The body cavity is very small, its width not equaling the thick- 
ness of the radials ; its depth being less even than its width. 
Form of the arms, construction of summit and anus unknown. 

The column seems to have been circular, with a small, round 
central canal. The only species is : — 

1866. Myoocrinui boletus Schultze, Monogr. Eohin. Eifl. Kalk., p. 222, PL 7, fig. 4. 
— Stringocephalenkalk, Devonian. — Nollcnbaoh (Eifel), Germany. 

Family XXVL— CALCEOCBINID-ffi Meek and W. 

1878. Meek and Worthen, Geol. Rep. Illinois, v, p. 443. 
1882. De Loriol, Paleont. Franchise, vi (Crinoides), p. 51. 

Byn. Chiroerinida, Angelin, 1878, Icon. Crin. Suec, p. 22. 

Syn. CheirocrinidcB, Zittel, 1879, Handb. d. Palseont., i, p. 857. 

The only known genus of this family has been variously referred 
to Cheirocrinus and Calceocrinus. As early as 1851, Hall, in 
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the Geological Report of New York, vol. ii, p. 352, gave notice of 
a peculiar Crinoid from the Niagara group, of which he had 
obtained what appeared to be a bipartite base or pelvis showing 
a columnar attachment, for which he proposed the name Calceo- 
crinu8. In I860, in the 13th Regents Report of the New York 
State Cabinet of Nat. History, the same author described under 
Cheirocrinu8 six new species of American Crinoids having a base 
similar to Calceocrinus, and which evidently belonged to that or 
a very closely allied genus. According to Salter (Murchi son's 
Siluria of 1859), the name Cheirocrinus had been used by Austin 
in MS. for a similar form from the Wenlock limestone, but Eich- 
wald had already in 1856 preoccupied the name for a certain type 
of Cystidea. Shumard was the first writer to direct attention to 
the probable identity of Calceocrinus with Hall's Cheirocrinus, 
and in his Catalogue of the Palaeozoic Fossils of North America 
he added the name Calceocrinus in parenthesis to all described 
species of Cheirocrinus. In this he was followed in 1869 by 
Meek and Worthen, and in 1879, Hall himself adopted Calceocri- 
nus, while both Angelin and Ziltel have retained Cheirocrinus. 
It seems to us the latter name, according to established rules, 
cannot be upheld for Hall's type, because it was preoccupied by 
Eichwald for a Cystid, and even if it be true, as asserted by P. 
Schmidt (Acad. Imp. Sci. St. Petersburg, Ser. ii, vol. xi, No. 11), 
that Eichwald '8 Cheirocrinus is identical with Olyptocystites, 
which has priority, this would not alter the case. The same view 
was evidently taken by Meek and Worthen, who proposed, in case 
doubt should arise as to its identity with Hall's type of Calceo- 
crinus, to change the name Cheirocrinus into Eucheirocrinus. 

We would accept the latter name, had not Hall himself, who 
had the best opportunity to compare the type specimens, given 
preference to Calceocrinus. Bigsby, in the Thesaurus Devonico- 
Carboniferus, erroneously placed the genus Catillocrinus as a 
synonym under Calceocrinus. 

Calceocrinus was made by Meek and Worthen, in 1873, the type 
of a distinct family, for which they introduced the name " Calceo- 
crinidae" This was adopted by De Loriol, but Angelin and 
Zittel in their classification apply the name " Cheirocrinidae." 

Calceocrinus differs in external appearances so essentially from 
all other Crinoids, that Hall introduced for its description a spe- 
cial terminology, which was adopted by all succeeding writers. 
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In this special names were given to parts of the calyx, which, as 
we will presently show, are represented in other genera, and hence 
should be designated by the same name, the more since some of 
his appellations conflict seriously with terms long ago established. 
Hall divided the calyx into two parts. The one, which he called 
the " dorsal side," comprises the anterior side and not, as should 
be expected from the name, the aboral part; the other, which he 
designated as the "ventral side," by which are usually under- 
stood the oral or summit portions, represents the posterior 
side. According to Hall, the " dorsal side " consists of three — 
perhaps sometimes five — " basals," of the " upper and lower dor- 
sal plate " or the first and second anterior radials, and of the 
right and left u dorso-lateral plate " or lateral radials. Eo further 
discriminates between " plates of the dorsal arm," the brachials 
of the anterior ray, and those of the " dorso-lateral arms," or arm 
plates of the lateral rays. The u ventral " side is described as 
being composed of the "ventral arching plate" — which actually 
consists of two pieces, and which either are anal plates, or non- 
arm-bearing radials — and succeeding these of a row of plates, 
longitudinally arranged, which were designated as " plates of the 
ventral side," but which are plates of an anal tube. There are 
besides summit or vault pieces which, however, were not described 
by Hall. 

The most remarkable feature of this genus is represented by 
the basals, which are located on the posterior side of the calyx. 
They connect with the plates of the anterior side, which is trun- 
cated, toward the basals, not by suture as in the case of other 
Crinoids but by muscles and ligament, thus producing between 
basals and radials a marked articulation. There is a widely gap- 
ing sutnre along the articular line, which, as Meek and Worthen 
suggested, permitted the basals to be opened out on a line with 
the radials and other parts of the calyx. That the calyx was 
capable of bending at this point is well shown by a unique speci- 
men of Calceocrinus tunicatus Hall, in the possession of Mr. 
James Love of Burlington, in which the main body stands out 
from the column at an angle of sixty degrees ; while in most of 
the specimens which we have examined the crinoid hangs down- 
ward, almost parallel with the column. No specimen, however, 
shows the calyx in an erect position. 

There are in this genus but three rays, which vary considerably 
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in form and size. The two lateral rays are composed of a large 
radial, which is followed by two very small brachials. The an- 
terior ray has two radials, which combined are smaller than the 
single lateral ones. The two are generally separated by the lateral 
radials which join between them, placing one of the plates at the 
upper, the other at the lower end of the calyx. This peculiar 
structure has evidently prevented all former writers from recog- 
nizing those plates as radials. That they are radials, and were 
gradually separated in the course of palaeontological times, is 
proved by Hall's Silurian species Calceocrinus chrysalis and 
Calceocrinus insequalis Billings, 1 by C. radiculus Ringueberg and 
C. Barrandii Walcott, in all of which the plates are narrowly 
elongate, and united by a short suture. In Calceocrinus goth- 
landicus of Upper Silurian age, they are separated, but the first 
radial extends almost to the second. In Calceocrinus clarus and 
Calceocrinus Barnsi from the Devonian, the distance that sepa- 
rates them is somewhat greater; while in all Subcarboniferous 
species the two plates stand widely apart. 

Calceocrinus agrees with Catillocrinus in the arrangement 
and form of its plates. In both of them the second ring consists 
of five extremely irregular pieces, but, while in the latter all five 
are arm-bearing, those of Calceocrinus are arm-bearing only in 
the three anterior rays. The two posterior ones are small and sup- 
port a large tube. The corresponding plates in Catillocrinus 
support upon one end of their upper side an arm, upon the other 
a similar tube as Calceocrinus , and in both genera the two antero- 
lateral rays are far stronger developed than any of the others. 
The two forms resemble each other more closely than might be 
expected from Crinoids that differ so widely in their general 
aspect, as shown by changing Catillocrinus from its natural posi- 
tion into that of a Calceocrinus. This may be done theoretically 
by pressing the calyx sideways in such a manner that the basals 
are pushed over to one side, and the three arm-bearing radials to 
the opposite side. The lateral ones, however, owing to their large 
size naturally extend to the basal side, where they join the small 
posterolateral radials, which, as stated, hold a similar position 



1 It was Mr. Walter R. Billings, of Ottawa, who already in 1883 directed 
our attention to Hetorocrinu* inaqualU as being, a Calceocrinus and he 
informed us also that in this species the two anterior radials were joined by 
sutures. 
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as the anal plates in Calceocrinus^ resting like them against the 
basals and supporting a similar anal tube. By thus changing 
the respective parts into a relative position, the affinities wh'eli 
exist between the two genera can be better appreciated. The 
form of the calyx, however, the articulation between the basals 
and radial s, and the sloping position of the lateral rays is so 
unique, and strikingly different from Catillocrinus and other 
genera, that Calceocrinus must be referred to a distinct family. * 
The slight variations, which naturally occur in the branching 
of the arms, were taken by Hall, and Meek and Worthen, for 
specific distinctions. We fear these differences are too trifling to 
be regarded as such, and we have felt obliged to refer some of 
their species to our list of synonyms. 

Postscriptum. — While our descriptions upon the Calceocrinidse 
were in press, we received a paper from Mr. E. 0. Ulrich (extracted 
from the 14th Ann. Rep. Qeol. Surv. Minn., p. 104): Remarks 
upon the names Cheirocrinus and Calceocrinus, with descriptions 
of three new generic terms and one new species. The author sub- 
divides the species heretofore known under Calceocrinus into three 
genera : Cremacrinus, Deltacrinus and Halysiocrinus, and applies 
to them the family name "Cremacrinidae." There is, in our opinion, 
no valid reason for discontinuing the names Calceocrinus and Calce- 
ocrinidas. The genus Calceocrinus was properly defined by Hall 
and others, and several species have been referred to it by them. 
Moreover, Meek and Worthen 's name Eucheirocrinus would have 
priority, and also Calceocrinidae, as both were proposed in 1873. 

Under Cremacrinus Ulrich placed the species in which the two 
anterior radials (the two central plates of his) are connected ver- 
tically ; under Deltacrinus those in which said plates are sepa- 
rated by the two lateral radials (his two large dorso-lateral 
pieces). This difference, we admit, exists between the Lower 
Silurian and Subcarboniferous species, but in the Upper Silur 
and Devonian the two forms pass gradually into one another, so as 
to make a generic separation impracticable. Ul rich's statement 
on p. 110, that Cremacrinus has " three primary radials," Delta- 
crinus " five," Ha/y.siocrinus "eleven," is based altogether upon 
incorrect observation. All these species have but three arm- 
bearing radials — one of them compound— and the plates which 
Ulrich regarded as "eleven primary radials," are axillary bra- 
chials of ascending orders. — (May, 1886). 
10 
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CALCEOCBINU8 Hall (Revised by W. and Sp.). 

1851. Hall, Geol. Rep. N. York, vol. ii, p. 352, PL 85, figs. 5, 6. 

1866. Shumard, Trans. Acad. Sci. St. Louis, vol. ii, p. 858. 

1869. Meek and Worthen, Proc. Acad. Nat. Sci. Phila., p. 78. 

1873. Meek and Worthen, Geol. Rep. Illinois, vol. v, pp. 442 and 502. 

1877. S. A. Miller, Cat. Amer. Pal®oz. Foss Is, p. 72. 

1879. Hall, 28th Rep. N. York St. Cab. Nat. Hist. (Ed. ii), p. 146. 

1882. De Loriol, Palseont. Francaise, Tome xi (CrinoidcS', p. 51. 

1882. Ringueberg, Journ. Cincin. Soc. Nat. Hist , p. 120. 

Syn. Cheirocrinus Hall (not Eichwald, 18">6); Hall, 1860, irth Rep. 
N. York St. Cab. Nat. Hist., p. 122 ; Salter, 1859, Murch. Siluria 
(Ed. 3), p. 535 (Catalogue name); Hall, 1863, 15th Rep. N. Y. St. 
Cab. Nat. Hist., p. 166 ; Zittel, 1879, Handb. d. Palaont., i, p. 358. 

Syn. Chirocrinui, An gel in, 1878, Icon. Crin. Suec, p. 22. 

Syn. PendulocrinitSy Austin MS. (Salter, Siluria, p. 585). 

Syn. EucheirocrinuB, Meek and Woithen, Qeql. Rep. 111., v, p. 443. 

In general form the specimens resemble a wilted flower, owing 
to the position of the calyx, which hangs downward along the 
column. The calyx is laterally compressed, especially at the 
juncture of basals and radials, where it is almost linear; while a 
transverse section across the median part of the radials and 
through the centre of the basal disk is decidedly triangular. 
The anterior side forms a flat body, broadly truncate at the lower 
end, constricted in the middle, and composed exclusively of the 
radial plates. The basals, which are placed upon the posterior 
side, are separated from the radials of the opposite side by a 
widely gaping articular line, occupying the lower end of the 
calyx. Along this line, probably, the upper part of the Crinoid 
could be bent upwards and be brought in an erect position. The 
posterior side is composed, in addition to the basals, of two non- 
arm-bearing plates, which face laterally the incurving sides of the 
radials, and support upon their upper side an extremely large 
ventral tube. 

The basals jointly form a kind of semicircular disk, of which 
the straight line faces the truncated lower side of the anterior 
radial, and the curved part rests against the infolding lateral 
margins of the lateral radials, and against the two non-arm- 
bearing plates. The basal disk, which is slightly convex, is com- 
posed of three pieces, two of which are equal, the other large and 
of a very different shape. The two former taken together are 
lunate, and enclose within their arched sides the other plate, 
which lies transversely, and occupies almost the entire width of 
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the truncated side of the basal disk. The articular facet for the 
attachment of the column has a lateral position, and is placed 
within the centre of the two equal pieces, without touching at 
any point the third plate. It is large, somewhat excavated, and 
divided vertically by the suture line. 

The radials consist of four plates of very irregular arrangement. 
The two larger ones, those of the lateral rays, occupy more than 
two-third 8 of the anterior side of the calyx, and support two small 
transverse brachials, of which the upper one is axillary. Two 
much smaller and very irregular plates, which are generally sepa- 
rated by the large lateral pieces, form the radial of the anterior 
ray. The large lateral radials are bent abruptly along their outer 
sides, so as to occupy considerable space upon the posterior side 
of the calyx. They are hexagonal — rarely pentagonal — angular 
at their upper and lower ends ; one of the lower sloping sides 
abuts against the first anterior radial, the other against the basal 
disk. The sloping upper face connects at one side with the second 
anterior radial, the opposite side supports the first brachial plate. 
Of the lateral faces one meets the corresponding side of the 
opposite radial, the other an anal plate. In the anterior ray, the 
first radial is linear, but more frequently triangular, two of its 
sides resting within a re-entering angle formed by the lateral 
radials. The lower edge is generally wider, and constitutes the 
bottom part of the anterior face of the calyx, being on a level 
with the truncated edge of the basals, and united with them by 
muscular articulation. The articulating surface, near the outer 
margin of the component plates, is provided with a deep fossa, 
evidently for the lodgment of elastic ligament. A similar but 
narrower fossa is placed close to the inner margin of the plates, 
separated from the former by a narrow transverse ridge. The 
middle part of this ridge extends somewhat into the large fossa, 
and forms a kind of triangular projection which contains a small 
axial canal. The second anterior radial has nearly the same form 
as the first, but its position is reversed, the truncate side being 
directed upwards, the angle downwards, resting between the 
sloping upper sides of the adjoining basals. In Calceocrtnus 
chrysalis, in which the first anterior radial joins the second, both 
plates are exceptionally quadrangular, and, therefore, the first 
lateral radials pentagonal instead of hexagonal. The plates 
above are free. There are two brachials in each lateral ray, a 
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single one in the anterior one. The articular line between the 
lateral radials and brachials is widely gaping, the union between 
the two succeeding plates apparently by syzygy. They are closely 
fitted together in the specimens, and a suture is rarely discern- 
ible. The lower one is short and quadrangular, the upper one 
axillary. The brachial of the anterior ray is generally twice as 
wide as high, and truncate at its upper side. 

It has been stated that in the lateral rays the first brachials 
are placed obliquely against the radials, in consequence of which 
these two rays lean over toward the posterior side. By this 
peculiar structure, the outer sloping faces of the bifurcating 
brachials are brought into a vertical, the inner ones into a hori- 
zontal position. The vertical side supports laterally another 
axillary, the horizontal side vertically a free arm. The former is 
followed again by an axillary on one side, and an arm on the other, 
and so on in the same manner to the last bifurcation, the axillary 
plates all arranged in a nearly horizontal line, the free arms hav- 
ing an upright direction. In species with but few bifurcations 
the position of the brachials is more erect. 

The arms are composed of single joints, which are generally as 
long as wide ; rounded exteriorly and provided with a deep tri- 
angular groove at the ventral side ; they are comparatively long, 
rather stout at the base, but taper gradually upwards. The 
lateral arms, after their first bifurcation, do not branch again, but 
give off from every third or fourth joint a large arm-like pinnule, 
which extends to the end of the arm. The lower pinnule is less 
than half the size of the arm at the place of attachment ; the one 
or two succeeding ones have nearly the same size as the arms at 
the place of their origin. The pinnule-bearing joints appear to 
be somewhat stouter owing to a thick callosity at their upper end, 
and their line of articulation is directed obliquely. The interme- 
diate joints have parallel sides, which show neither fossae nor 
radiations, and probably were united simply by suture. The 
anterior ray has but a single arm, which is given off in an upright 
direction. It is stouter than the lateral arms, and remains fre- 
quently simple throughout, but when it branches occasionally, 
the division takes place near the distal end. 

Anal plates two, resting against the basals and the incurved 
wings of the lateral radials. Their upper side supports a row of 
very large and heavy quadrangular plates, which are longitudi- 
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nally arranged and form the exterior side of an enormous anal 
tube, extending to the tips of the arms and perhaps beyond their 
limits, with scarcely any diminution in size. Like in Catillocrinus^ 
only the posterior side of the tube is heavily plated, the anterior 
side heing composed of very small and delicate plates. 

The column is comparatively large, near the calj'x composed 
alternately of shorter and longer segments, which soon turn alto- 
gether into long joints. Hall gives the column as very short; it 
was, however, of considerable length in some cases, as we have 
followed it up to a foot or more without reaching the root. 

Geological Position , etc. — Calceocrinus makes its appearance in 
the Lower Silurian, but only in America. It struggled through 
the Devonian, and reached its greatest distribution in the earlier 
periods of the Subcarboniferous, but without flourishing abun- 
dantly. Throughout this long period of time, the species change 
but little, less than those of any other genus, and it is exceedingly 
difficult to point out specific differences, which in most of them 
are so slight that they hardly deserve the name. In Europe it 
has been found only in the Upper Silurian. 

We recognize only the following species : — 

1883. Caloeoorinus Barrandii Walcott, 35th Rep. N. Y. St. Mus. Nat. Hist. (Author's 
Edit., p. 6), PI. 17, figs. 1, 2. — Upper part of Trenton limest. Trenton Falls, 
New York. 

1865. C. Barrisi Worthen, Geol. Rep. Illinois, iv, p. 510, with woodcut. — Hamilton 

group. Near Davenport, Iowa. 
1869. C. Bradleyi Meek and Worthen, Proceed. Acad. Nat. Sci. Phila., p. 73; also 

1873, Meol. Rep. III., vol. v, p. 502, PI. 14, fig. 9.— Keokuk limestone. 

Crawfordsville, Indiana. 
1860. C. chrysalis Hull (Cheirocrinus chrysalis). Type of the genus.— 13th Rep. New 

York Slate Cab. Nat. Hist., p. 123, with diagrams. Shumard, 1866, Calceo- 

crinus chrysalis, Trans. Acad. Sci. St. Louis, vol. ii, p. 358. — Niagara 

group. State <>f New York. 
1862. C. clams Hall (Cheiroorinus olaras), 15th Rep. New York State Cab. Nat. 

Hist., p. 116, PI. 1, fig. 17.— Shumard, 1866, Calceoorinus clarus, Trans. 

Acad. Sci. St. Louis, vol. ii. p. 358. — Zittel, 1879, Handb. der Paloeont., i, p. 

358. figs. 2, 4, 5 a. — Hnmilton group. Ontario Co., N. Y. 
1878. C. gotlandicus Angelin (Chirocrinus gotlandicus), Iconogr. Crin. Suec, p. 

22. PI. 16, figs. 6-14.— Zittel, 187U, Handb. der Paleeont., i. p. 358, figs. 245, 

b, c, d. — Upper Silurian. Qothlnnd, Sweden. 
1859. C. inaeqnalis Billings (Heterocrine inaequalis), Gcol. Purv. Canada, De- 
cade iv, p. 51, PI. 4, fig. 7a; Wachs. and Spr. Revision i, p. 70. — Trenton 

limestone, Ottawa. 

1866. C. perplezas Shumard, Trans. Nat. Sci. St. Louis, vol. ii, p. 358.— Keokuk 

limest. Button-mould-Knob, Ky. 
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1882. C. radiculus Ringueberg Jonrn. Cincin. Soc. Nat. Hist., vol. v, p. 120, PI. 5, 

fig. 4. — Niagara group. Lockport, N. Y. 
1862. C. stigmatus Hall (Cheirocrinua stigmatus), Trans. Alb. Inst, vol. iv, p. 225 
(Abstr. p. 31). — Shumard, 1866, Caloeocrinus Stigmatus, Trans. Acad. Sci. 
St. Louis, vol. ii, p. 358; also Hafl, 1879, 28th Rep. N. York St. Cab. Nat. 
Hist., p. 147, PI. 19, figs. 9-11; also 11th Ann. Rep. St. Indiana by Collett, 
1881, p. 281, PI. 19, figs. 9-11.— Niagara group. Waldron, Indiana. 
1860. C. tunicatus Hall (Cheiroorinus tunicatns), 13th Rep. N. York St. Cab. Nat, 
Hist., p. 124, with diagram.— Shumard, 1866, Trans. Acad. Sci. St. Louis, 
vol. ii, p. 359. — Keokuk limestone. Keokuk, Iowa, Niota and Warsaw, 111. 
1860. C. ventriooBUt Hall (Cheirocrinnt ventricoaua), 13th Rep. N. Y. St. Cab. Nat. 
Hist, p. 123.— Shumard, 1866, Trans. Acad. Sci. St. Louis, vol. ii, p. 359.— 
Burlington limest. Burlington, Iowa. 
Syn. Cheirocr. dactylnt Hall, 1860, 13th Rep. N. York St. Cab. Nat. Hist., p. 

123. — Burlington limestone. 
Syn. Cheirocr. nodosal Hall, 1860, Ibrd.— Keokuk limestone. 
Syn. Cheirocr. Wachsmuthi Meek and Worthen, 1869, Proc. Acad. Nat. Sci. 

Phila. — Burlington limestone. 
Sgn. Caloeoor. dactylnt Shumard, 1866, Trans. Acad. Sci. St. Louis, vol. ii, p. 

358. 
Syn. Calceoor. Wachsmuthi, Ibid. 



APPENDIX. 

(January, 1886). 
STEPHANOCRINIDJE W. and Spr. 

Through the kindness of Prof. R. P. Whitfield, to whom we are 
under lasting obligations, we had lately an opportunity to examine 
from the collection of the American Museum of Natural History 
of New York City, some valuable and unique specimens of the 
genus Stephanocrinu8. Among these were 25 specimens of Ste- 
phanocrinu8 angulatus Conrad, two of them showing the brachial 
appendages — the so-called pinnules — and 18 specimens of Stephan- 
ocrinus gemmiformis Hall. 

Stephanocrinus is one of those genera which prove to us how 
inappropriate it is to make Crinoids, Cystids and Blastoids 
distinct classes. The genus has been regarded by F. Roemer, 
Johannes Miiller and Picte't to be a Cystid, by Messrs. Etheridge 
and Carpenter and S. A. Miller a Blastoid. Dujardin and Hup'e' 
— and apparently (?) Hall — refer it to the Crinoids ; while Prof. 
Zittel was in doubt whether he should place it with the Blastoids 
or not. That it has certain affinities with either one of the three 
groups cannot be denied. It agrees by its oral and anal pyramid 
with certain forms of the Cystids, while in its general habitus 
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and in the position of the ambulacra it agrees with the Blastoids ; 
and yet it is, as we shall prove, unquestionably a Palseocrinoid. 

It seems Roemer 1 had discovered sockets for the reception 
of brachial appendages, and probably these sockets and the val- 
vular covering of mouth and anus induced him to place the 
genus with the Cystidea. Johannes" Miiller, who also regarded it 
a Cystid, makes the remark: " Nierenfo'rmige Warzen am Ende 
der Strahlen des sternformigen Feldcs deuten auf die Gegenwart 
von Armen hin." Hall, in vol. ii,p. 351, of the New York Report, 
does not describe the appendages which he had discovered as 
Blastoid pinnules, but speaks of tentacula attached to the margin 
along a slight groove in the base of the depressions between the 
angular processes which ornament the summit of the body. 
These tentacula or fingers consist of ten branches, each composed 
of a double series of plates above, but uniting below a series of 
coalescing plates which have a different arrangement. It seems 
to us this description does not apply to ambulacral appendages, 
nor do we think that Hall took the genus to be a Blastoid. On 
p. 212 of the New York Report he called it a Crinoid, and in 
1879 he placed it aside of well-known Palaeocrinoidea. Pict^t 
describes the base as composed of " five subradials," and " five 
basals," and the mouth as surrounded by u ten tentacles." Du- 
jardin and Hupe* place it among the Haplocrinidce, between Haplo- 
crinns and Coccocrinus, and also these writers describe within 
the radial groove a reniform impression for the reception of an 
arm, but thought to observe " lames paralleles " along the grooves. 
They regard, like Roemer, the central pyramid, the mouth, and 
the lateral aperture an ovarian opening. 

Considering that Hall, Roemer, Miiller, and Dujardin and Hupe*, 
all describe at the outer end of the ambulacral groove a reniform 
scar for the attachment of an appendage, it is somewhat surprising 
that Etheridge and Carpenter place the genus among the Blas- 
toids. They undertake to explain this by Hall's discovery of 
"ambulacral appendages .... like those of other Blastoids," 
and give it as their opinion that the reniform scar of Roemer u is 
nothing more than an infolded radial lip." We stated already 
that we thought Hall never regarded Stephanocrinus a Blastoid, 



1 We do not possess Roemer's deFcription of Stephanocrinui which 
appeared in Wiegmann's Arckiv for 1850, and know it only from the quota- 
tions of subsequent writers. 
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and be certainly did not describe arabulacral appendages, but 
branching fingers, no matter what name he gave to the parts. 
We are confident that the depression at the end of the aVnbula- 
cral groove really docs exist, and that it is occupied by a second 
radial. 

Stephanocrinvs not only has two radials to each ray, but 
branching biserial arms, given off in a somewhat similar m inner 
as the arms in the Piatycrinidae. The second radials are rcni- 
form, small, bifurcating, and rest within a semi ovoid or horse- 
shoe-shaped depression near the outer end of the ambulacral 
groove. They are succeeded by two or more axillaries of a 
higher order, which in* the usual way give origin to ten arms to 
each ray. That these appendages, although they are equally thin 
and short, are not pinnules, is proved by the fact that all are 
supported by a radial plate, instead of being distributed sepa- 
rately along the sides of an ambulacrum. It is further shown by 
one of the New York specimens, in which in one of the rays the 
appendages became disconnected, and were deposited en manse 
at some little distance from the radials, without the least disturb- 
ance in their arrangement, a case which could not have happened 
if they were ambulacral pinnules. 

The ambulacra of Slephanocrinus are constructed very differ- 
ently from those of the Blastoids ; they possess no side-pieces, 
no transverse furrows, no hj'drospire pore9, and no sockets for 
the reception of pinnules; they simply are covered by two rows 
of Saumplattchen, which enclose a tubular canal containing the 
food groove. The Saumplattchen or covering pieces of the same 
row are so closely anchyiosed to one another, longitudinally, that 
it appears even under an ordinary magnifier, and in the most per- 
fect specimens, as if there were but two elongate plates, one at each 
side. As such they were represented by Hall in his diagramatic 
figure, New York Qeol. Rep., vol. ii, PI. 48, fig. 1 /, in which the 
reniform plates at the outer end of the elongate pieces represent 
the second radials. The figure shows excellently the plates of 
the ventral side as they generally appear in the specimens; there 
is omitted, however, a suture along the so-called coronal processes, 
which Hall, as well as Roemer, thought he observed, but which 
were not accurately defined until 1883, by Etheridgc and Carpenter 
(Ann. and Mag. Nat Hist., April, p. 239). They found the pro- 
cesses " divided into an outer part formed by the contiguous limbs 
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of two adjacent radials, and an inner portion or deltoid, 1 and 
that the calyx consists of three rows of plates — the basal 9, radials 
and deltoids. The canals which contain the foo 1 grooves are in 
their usual preservation, more or less compressed, and in conse- 
quence thereof the two series of covering pieces became separated 
longitudinally, and appear in the specimens as if forming a deep 
groove upon the surface following the median line. Little of this 
groove, however, is seen in plump specimens. 

Etheridge and Carpenter, and also Zittel, regard the two rows 
of anchylosed covering plates as constituting a single piece, and 
this, they think, represents the lancet plate of the Biastoids. 
Upon this point they make on p. 240 of fheir paper the following 
statement : "The paired linear plates in the ambulacra we believe 
to be 8ingle,and to represent the lancet plates of other Biastoids. 
They seem to be usually much eroded and to have a strongly 
marked median groove, which has been taken for a suture. Even 
when these plates are preserved the side plates of the ambulacra 
are generally missing ; but since Hall has discovered specimens 
of S. angulatus still attaining ambulacral appendages like those 
of other Biastoids, we see no reason to doubt the existence of 
side plates and outer side plates. In fact, the former have been 
described in S. pulchellus by Miller and Dyer." We doubt if 
Etheridge and Carpenter ever saw a Stephanocrinus with either 
side pieces or outer side pieces, or ever will see one, and if Miller 
and Dyer found such plates in their St. pulchellus, we assert that 
their species is not a Stephanocrinus. Aside from the fact that 
the " so-called lancet pieces " are compound structures, we think 
it utterly impossible from the position which these plates occupy 
toward the oral plates, that they could represent lancet pieces, as 
in that case the food grooves would have to run out into the air 
in place of entering the interior. 

In both of the New York species, the oral plates are on the 
same level with the covering pieces; they meet with each other so 
as to leave externally, when both plates are in position, no open- 
ing or passage. The only communication with the inner cavity, 

1 Wo have substituted hero deltoids for "oraW the latter term being 
used by Etheridge and Carpenter in their paper. When they wro'.e this 
they still regarded tl;e deltoids as representing the o.als, a mistake which 
Dr. P, H. Carpenter explained and corrected in his Challenger Report, 
p. 162. 



286 210 

in connection with the ambulacra, is beneath the covering plates 
through the canals or tunnels which we have described. These 
passages, which are closed at the bottom by the deflected lateral 
edges of two adjoining interradials, as in the case of Cyathocrinus, 
grow deeper and narrower on approaching the oral plates ; while 
toward the arms they widen and divide, transmitting a branch to 
each main division of the rays. All this goes to prove that the 
passages are tubular canals, such as we find in the Palaeocrinoi- 
dea, and that the apparent resemblance between the ambulacra of 
Stephanocrinus and those of the Blastoids, to a large extent, is 
superficial. 

The oral pyramid, which is rather symmetrical in outline, 
occupies the very centre of the ventral surface. It is composed 
of five pieces of nearly equal size, which meet in the centre, and 
are so closely connected by suture that the lines of union are 
rarely seen in the specimens. A less close union seems to have 
existed toward the interradials, for the oral plates are but seldom 
preserved, when we find in their place a nearly circular opening. 

The radials extend to~the full height of the coronal processes, 
and resemble in their form closely the forked plates of certain 
Blastoids ; while in Hail's figure (N. York Rep., vol. ii, PL 48, 
figs. 1 h and 2/) they appear like the radials of a Platycrinus. 
Hall evidently mistook the cracks which so frequently are found 
at the base of the interradial processes, for sutures, and supposed 
the united limbs of two contiguous radials, formed a deltoid- 
shaped interradial plate. 

The most interesting feature of Stephanocrinus unquestionably 
is the quinque-partite oral pyramid, which, we* think, gives us 
valuable information regarding the undivided oral plate in other 
groups of the Paheocrinoidea. It was suggested by us on p. 55, 
that probably the central or oral plate of the Palseocrinoidea 
primitively consisted of five pieces, of which the suture lines 
gradually were obliterated by deposition of new material. In 
support of this theory we could only refer to the parallel cases of 
the basals and underbasnls among which similar modifications took 
place not only paleeontologically by anchylosis of one or more of 
the plates, but also in the growing Crinoid by deposition of lime- 
stone at the outer surface of the plates, as in the case of Edrio- 
crinus and Agassizocrinus. We were unable at that time to point 
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out a single Palaeocrinoid in which the peristomial area was 
closed by five plates, and therefore regard the case of Stephano- 
crinus of the utmost importance, not only as confirming our 
suggestions, but as throwing light upon the orals of the Palaeo- 
crinoidea generally. Before, however, we discuss this question 
any further, it will be necessary to point out the relations of 
Stephanocrinus with other Crinoids. 

Stephanocrinus, undoubtedly, is closely allied to Allagecrinus, 
HaplocHnus and Pisocrinus, and must be placed with them among 
the Larviformia, but, owing to marked differences in the form and 
arrangement of the arms, it cannot be arranged either witli the 
Haplocrinidae or Symbathocrinidae, and it will be necessary to 
establish for it a separate family. Except in the arm structure, 
the affinities seem to be particularly close with Pisocrinus, which 
has similar interradial processes, formed likewise by the extended 
limbs of the radials ; but as we know little or nothing of the oral 
plates and ambulacral structure in this genus, a critical comparison 
is difficult. It differs also from Haplocrinus in the position of the 
disk-ambulacra, which in the latter are subtegminal, in the other 
exposed to view. This, we explain by individual growth, and 
assert from palaeontological evidence that Stephanocrinus, like 
Cyathocrinus and other Palaeocrinoidea in its younger state passed 
through stages in which it closely resembled Allagecrinus and 
Haplocrinus, Admitting this, it will be interesting, and in- 
structive, to transform theoretically the lower differentiated 
Haplocrinus, so as to conform with the conditions of the adult 
Stephanocrinus. To this end we open out the five ventral plates 
of Haplocrinus, so as to expose their ambulacral skeleton, and 
push the ambulacra and the oral plate, which latter occupies the 
central portions of this skeleton, in an outward direction, in such 
a manner that the covering pieces fill up the clefts between the 
interradial plates, and the oral plate the centre, increasing in size 
as the space gradually grows larger. Nothing further is neces- 
sary to complete the structure of Stephanocrinus but to extend 
the sides of the interradials laterally, so as to close the ambu- 
lacral groove from beneath. By these manipulations, in which, we 
think, we closely imitated the natural development as it took 
place among Palaeocrinoids palaeontologically, we placed the two 
genera in the same relative position, in hopes to arrive thereby at 
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a satisfactory conclusion as to the morphological resemblance of 
the respective plates. 

In Stephanocrinu8 interradials have been admitted, and the 
plates which do represent them correspond in our hypothetical 
Crinoid with the plates which we opened out to receive the ambu- 
lacra. The plates have relatively a similar position, both rest 
against the upper edges of two adjoining radials, and both support 
a small pyramid or disk, which in both cases not only occupies a 
6trictly central position, but covers the pcristomial area and closes 
the oral pole. Now, if this is true, what makes those plates inter- 
radials only in the one case and not also in the other, and why does 
the central disk which they enclose represent the oral pyramid in 
the one and something else in the other? That the central pyra- 
mid is quinque-partite in Slephanocrinu8 1 coalesced in the other, 
is apparently the only structural difference between the two forms, 
and simply upon this ground the former has been regarded by 
Carpenter ( Chall. Rep., pp. 269 to 271) an oral pyramid, and the 
central plate of Haplocrinus a bo-called "orocentral," something 
totally unknown in Crinoid morphology and that of Echinoderms 
generally. 

According to Carpenter the orals of Haplocrinus were repre- 
sented by the five large ventral plates, although these, like the 
interradials of other Palseocrinoids, apparently cover the disk and 
tentacular vestibule, contrary to the case of the orals and summit 
plates generally which close only the pcristomial area. If Haplo- 
crinus did represent a permanent larval form of the Neocrinoidea 
instead of the Paheocrinoidea. Carpenter would be justified in re- 
garding those five plates as orals, and could assert that the plates 
were in the growing animal, and in palieontological times carried 
inward by perisome, as he and Etheridge suggested to have been 
probably the case in the growing Allagecrinus, but we cannot find 
in the phytogeny of the older Crinoids the least evidence to justify 
that supposition. On the contrary, everything points at the con- 
clusion that the orals, and other summit plates, had relatively the 
same proportions in the younger and lower forms, as in the adult 
and higher types; and we, therefore, regard the respective plates 
in Haplocrinus like those of St<*phanocrinuSiCyathocrinu& and the 
Blastoidea, which Carpenter, likewise, once regarded as orals, as 
true interradial plates. If the plates in Haplocrinus really were 
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orals, and also the homolognes of the six or more proximals of the 
Platycrinidte and Actinocrinidce, and of the five summit plates in 
Stephanocrinuss, which all cover the pcristomial area but not also 
the tentacular vestibule and the disk, it would follow that in the 
three latter the orals were carried inward by the calyx interradials 
by which they are surrounded, but not only, as perhaps might be 
the case in the Camarata, by their higher orders or upward growth, 
but even by the primary interradials. It would further suggest 
that in the earliest genera Ileteocrinus, Glyptocrinm and allied 
forms, which have no proximate, the " orals " were unrepresented 
or rcsorbed. Also Nanocrinus paradoxus (Echin. Eifl. Kalk., 
PL 12, fig. 7 i) has no proximate, the covering pieces, according 
to our interpretation, rest directly against the central plate. 
This, we know, is the case in two nndescribed species of Talaro- 
crinus, which we discovered lately in Kentucky. In these species 
the central piece is relatively larger than the combined orals of 
Slephanocrinus, there are no proximate, and no other interradial 
plates touching the central plate. ' The covering pieces occupy 
here a similar position to the central plate — the coalesced orals — 
as in Slephanocrinit* to the quinque partite oral pyramid. There 
we have actual specimens, which in all essential points conform 
with the hypothetical Crinoid which we constructed. 

From Carpenter's arguments (Cliall. Rep., pp. 268-271) we 
conclude that he regards the hypothetical " orocentral " a kind 
of keystone, by which the actinal system is closed in a similar 
manner as at the opposite pole the dorsocentral is said to close 
the abactinal side. Unfortunately, however, this theory as stated, 
is not sustained by embryology. No such plate has ever been 
discovered among living Crinoids, not even in their larval state, 
before the opening of the tentacular vestibule, which is said 
to represent the condition of Haplocrinus morphologically. 
This difficulty Carpenter undertook to explain on p. 270 by stating, 
that if such a plate appeared " it would only be in the way, and 
have to undergo resorption to a greater or less extent." A weak 
argument considering that orate of recent Crinoids actually 
undergo that resorption. But, admitting it, what then became of 
the orocentral of Strphanocrinus, Allagecrinus and Coecocrinus, 
and what of the central piece in the oral pyramid of certain Cys- 
tidea? He states further "the former ( basal s) are within the 
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ring of radials, and next to tbe dorsocentral ; and it seems there- 
fore only natural to regard the six proximal inter radial plates 
surrounding the central piece (oro-central) in the vault of a Palaeo- 
crinoid as representing oral plates." This argument is not quite 
correct, in so far as the central piece is frequently surrounded not 
only by the proximals — his orals — but also by the radials and 
anal plate (see PL 7) ; contrary to the basals, which form a ring 
by themselves. Besides, his argument is based to a large extent, 
if not altogether, upon the hypothetical plate which he calls 
" oro-central." 

Taking everything in consideration, is it not reasonable and 
more natural to regard the five orals of the Neocrinoidea, which 
in the larva are loosely folded together, and which in some of the 
Cystidea and also in Stephanocrinus were united by a close suture, 
as gradually becoming anchylosed in a group in which they were 
permanently closed, than it is to invoke the existence of a new ele- 
ment unknown in Echinoderm morphology, and even then have to 
assert that six plates take the place of five?! But not only that, 
we also have to admit that these so-called "orals J1 contain in their 
midst anal and radial plates contrary to the case of the orals of 
the Neocrinoidea, Stephanocrinus and the Cystidea, and contrary 
to the basals, the abactinal representatives of the orals as Car- 
penter admits. 

As a further proof that the central piece is the representative 
of the orals, we refer to the Cystid genus Caryocrinus, which 
has three in place of five groups of arms, and which, according 
to our interpretation, has no proximals. The central piece which 
occupies the centre of figure, and which we think represents the 
oral pyramid, is surrounded by eight plates, b} T five (not four) 
large ones, and three smaller ones, the latter conforming jointly 
to one of the other five. Three of the plates have a strictly 
radial position, the three others, including the compound one 
which takes the azygous side, are interradial. We doubt if 
Carpenter will regard these six plates, wholly or partly, as the 
representatives of our proximals — his orals — or his theory will 
have to undergo further modifications, as he will find it difficult 
to restore five primitive pieces from an assemblage of plates as 
here exhibited. 
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8TEPHAH0CBIOT8 Conrad. 

1842. Conrad, Joum. Acad. Nat. 8ci. Phila., vol. 8, p. 278. 

1&51. Hall, Palieont. N. York, vol. ii, pp. 212 and 351. 

1851. F. Roemer, Wiegmann's Archiv f. Naturgesch. Jabrg. xvi, vol. i, 

pp. 365-375. 
1853. Job. Muller. Verb. d. Berl. Acad, d Wissenscb., p. 211, 
1855. Lith. Geo^n (Ausg. 3), p. 260. 
1857. Pictet, Traits de Paleont., vol. iv, p. 304. 
1862. Dujardin and Hup6, Hist. Natur. des Zoopb., p. 266. 
1879. Hall, 28th Rep. N. York St. Cab. Nat. Hist., p. 146. 
1881. Hall, 11th Ann. Rep. of Indiana, p. 279. 
1879. Zittel, Handb. d. Palseont. i, p. 436. 
1883. Carpenter, Ann. and Mag. Nat. Hist., Apr., p. 237. 

Stephanocrinus resembles in many respects certain forms of the 
Blastoidea, but has true brachial appendages. The calyx is sub- 
pyramidal, or deeply cup-shaped, with five spiniform interradial 
processes. 

The basals form a large semicircular or subturbinate cup, more 
or less truncate at the bottom, with a trigonal distal face, which is 
slightly excavated for the reception of a column. They consist 
of three pieces, almost coequal as to size but not as to form, one 
of them being quadrangular, the two others pentangular. The 
quadrangular piece takes the position of the smaller basal in the 
Blastoidea, to the right of the anterior radial ; contrary to other 
Palaeocrinoidea in which it occupies the left side. In one speci- 
men, however, exceptionally, it is placed posteriorly, supporting 
the greater half of two postero-lateral radials. 

The first radials are large and resemble to a large extent the 
forked plates of certain species of Codader and PhaenoHchisma, 
in which the limbs — the prongs of the fork — of two contiguous 
radials extend up between the arms in an almost vertical direc- 
tion, but instead of forming, as there, a sort of pyramid, they 
are extended in Stephanocrinus frequently into long thornlike 
processes, which sometimes attain more than one-half the height 
of the calyx up to the arm bases. These processes form radially 
a deep gutter, containing the ambulacral groove which leads to 
the arms. 

The second radials rest within a horseshoe-like depression near 
the outer end of the gutter. The plates are reniform, small, short, 
axillary, with three conspicuous prong-like projections extending 
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inward. The outer ones of these projections are wing-like, rest- 
ing against, and partly upon, the interradials; the inner one 
sword-shaped, their sharp point extended deeply into the ambu- 
lacral groove, so as to divide it, and to form a branch groove for 
each main division of the raj*s. Stephanocrinus angulatus evi- 
dently had ten arms to the ray, but the mode of branching 
beyond the second radials is not well known. We found, how- 
ever, in one instance the second radial succeeded by two other 
axillaries. The arms are biserial, thin, short, pinnule-like, and 
they cover the whole ventral surface. In length they do not 
extend beyond the interradial processes, which apparently were 
to protect these delicate organs. 

The interradials are comparatively large. They resemble in 
form and position the deltoids of Codasler, Troostocrinus and 
other Blastoids, in which, like here, no part of the plates is visi- 
ble in a side view. They extend to the top of the projections and 
rest against the inner faces of two limbs, the suture running 
downwards so as to divide the processes into an inner and outer 
part. The plates are connected laterally with one another, but 
not centrally. They leave in the centre a moderately large open 
space, which in perfect specimens is filled by oral plates. The 
lateral edges of the interradials are deflected, curving downward, 
so as to form a wide and deep ambulacral groove, which on 
approaching the inner end becomes deeper and narrower, and 
toward the arm bases divides as stated above. The ambulacral 
grooves are readily distinguished from the general gutter formed 
by the protuberances. The}' contain neither hydrospires, nor 
pores, nor other openings, but there seem to be small axial canals 
at the arm bases. At each side of the ambulacral groove there is 
a sort of depression, which forms a place of attachment for two 
series of small, subquadrangular covering pieces, which form a 
vault over the groove, leaving underneath a circular, compara- 
tively large passage, which at one end communicates with the 
arms, at the other enters the calyx beneath the edge of the oral 
pyramid. The covering plates of the same series are so closely 
anchylosed that they appear in the best specimens, even under a 
magnifier, as two single plates, one at each side, as which they 
were figured by Hall. Their composite nature and alternate 
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arrangement, however, was ascertained in places where portions 
of this integument had been weathered. 

The oral pyramid, which occupies the centre of figure, is placed 
on a level with the covering pieces to which it is closely attached. 
It rests against the truncated margins of the interradials, which 
for its reception are slightly excavated. It is composed of five 
subequal pieces, which are so closely united by suture laterally 
and centrally, that the suture lines are rarely visible, and the 
plates appear as if forming a single piece. 

The anal aperture is located ventrally, near the top of one of 
the interradial processes, at the place where two of the limbs meet 
with the interradial. In its usual preservation it consists of a 
rather large circular opening, which, however, in perfect speci- 
mens is closed by a valve of from four to six small pieces. 

The Stephanocrinus which Hall described and figured in the 
28th Rep. of the N. York St. Cab. Nat. Hist. (Second Edition), 
p. 146, PI. 14, figs. 15-20, is in our opinion specifically distinct 
from 8. gemmiformis, and even generically unless the small inter- 
red ial plates are very incorrectly outlined. 

S. osgoodensis S. A. Miller ( Godaster osgoodensis), Cincin. Journ. 
Nat. Hist., vol. ii, PI. 10, figs. 7 and 7 a, which the author in his 
Catalogue of the Palseoz. Fossils (Second Edition) referred to 
Stephanocrinus is described from internal casts, and too incom- 
pletely known for identification. St. pulchellus, S. A. Miller, is 
a Godaster. 

The column is small, and composed of comparatively long 
joints. 

Geological Position, etc. — The genus has been found exclusively 
in the Niagara group of America. 

The following species have been described : — 

1842. 8tephanocrinus angulatus Conrad. (Type of the genus). Journ. Acad. Nat. 
Sci. Phila., vol. viii, p. 279, PI, 15, fig. 8.— Pictot, 1857, Traits do Paleont, 
vol. iv, PI. 99, fig. 23. — F. Roemer, 1851, Wiegmann's Archiv., Jahrgang 
xvi, pp. 365-375, PI. 5.— Hall, 1851, Palaeont. N. York, vol. ii, pp. 213 and 
351, PI 48, fis. 1 a-m, and PI. 85, figs. 1-4. — Niagara group. Lockport, N. 
York. 

1851. St. gemmiformis Hall, Pal teem t. N. York, vol. ii, p. 215, PI. 48, figs. 2a-t; also 
1879, 28th Rep. New York St. Cab. Nat. Hist., p. 146, PI. 14, figs. 15-20 ; also, 
1881, 11th Ann. Geol. Rep. Indiana by Collett, p. 279, PI. 13, figs. 15-20.— 
Rochester, N. Y., and Waldron, Indiana (?). 

11 
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Notes on the Underbasals and Top Stemjoint of Neocrinoidea 

AND PaL^OCRINOIDEA. 

On p. 8 we stated that probably many Neocrinoids, heretofore 
supposed to be monocyclic, either have small underbasals con- 
cealed beneath the column, or that these plates had been repre- 
sented in the early larva. We referred to the genera Pentacrinus, 
MillericrinuB and Apiocrinus, which, according to our generaliza- 
tions on p. T, are built decidedly on the plan of dicyclic Palaeo- 
crinoids. Our investigation, unfortunately, could be extended 
only to comparatively few species, as the column and axial canal 
of the Neocrinoidea very frequently, and even among the genera 
to which we alluded, are not angular, and Pentacrinus among the 
three is the only genus that has lateral cirrhi. 

Rudimentary underbasals are known to exist in the Pentacri- 
noid genus Extracrinus, and similar plates have been discovered 
in the Apiocrinidse by Mr. De Loriol in two species of Millericrintis. 
In these species, as in the case of Extracrinus, the angles of the 
column, when this is pentangular, are interradial, the canals radial, 
exactly as in species in which underbasals are supposed to be 
wanting, but contrary to the conditions of monocyclic Palaeocri- 
noids in which the angles of the column are radial, the axial canals 
interradial. 

Millericrinus polydactylm, according to Mr. De Loriol (Mono- 
graph of the French Crinoids, p. 553, PL 110, figs. 1 a and 2 a)*, 
has five minute plates within the basal ring, which were regarded 
by him as " infrabasalia," the term which he applies to under- 
basals. De Loriol describes these plates as follows : " Je distingue 
tres nettement, sur deux individus, cinq pieces extremement 
petites, a peine distinctes a l'oeil nu, qui son loge'es au centre de 
1 'article basal, chacune reposant sur le sommet de Tune des 
carenes, dans une direction radiale ; au centre se trouve une 
petite depression qui forme le fond de la cavite\ Ces petites 
pieces, que je n'avais jamais encore observe'es, jouent ^videmment 
le role de pieces infrabasales, mais a l'e*tat tout a fait rudimen- 

1 By an error it was stated on p. 7 in Rule 2 : the five sections of the 
column are "radial," the longitudinal sutures "foforradial," which should 
read: the five sections of the column are "interradial," the longitudinal 
sutures " radial.' ' 

2 This and the succeeding quotations are made from the Paleontologie 
Francaise, Ire Serie, Animaux Invertlbres, Terrain Jurassique, Tome xi, 
Premiere Partie, Crinoides, par M. P. De Loriol, Paris, 1882-1884. 
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taire." Similar pieces were discovered by him in his Millericri- 
nus Orbignyi (PL 116, figs. 1 6, c, d), upon which he says on p. 
566 : " Elles ne peuvent absolument se voir que lorsque, par un 
hasard heureux, Particle basal peut se d£gager du calice. II me 
parait indubitable que ce sont la de petites pieces infrabasales 
rudimentaires semblables a celles que j'ai signalees dans le Mill, 
polydactylus." 

We fully agree with the distinguished Swiss palaeontologist 
that the plates in question in both cases are rudimentary under- 
basals, from the very fact that the plates are disposed radially, 
the outer angles of the column inter radially, as seen in Mill. 
Orbignyi, in which the stem is pentangular. 

Admitting these plates to be underbasals, we doubt if all 
other species of Millericrinus, which have an interradial pentan- 
gular stem, and those with a round stem, and the species of Apio- 
crinus, a genus which, according to De Loriol, is closely allied to 
Millericrinus, should be devoid of underbasals. In that case the 
two species should be separated from the others, and be placed by 
themselves under a very distinct genus. 

That small underbasals at least temporarily were represented 
in other species of Millericrinus and in Apiocrinus, is indicated 
by the fact that the open space within the basal ring, which in 
Millericrinus Orbignyi is occupied by the underbasals, is radial, 
contrary to the axial canals of monocyclic Palaeocrinoids, which 
are interradial. Moreover, the space is not in proportion to the 
axial canal in the stem, which in both genera is small and 
circular. The space in these species is large enough to have con- 
tained, in addition to the axial canal, such small plates as De 
Loriol figured in Millericrinus Orbigny, and these, if present, 
would take the same position as the underbasals in that species. 

In all dicyclic Crinoids, the column rests either exclusively 
against the underbasals, or, when these are very small, also partly 
against the basals. The latter is the case in the two species of 
Millericrinus where underbasals are known to be present. In 
these species they form together with the basals a deep concavity 
for the reception of the top stem joint, which occupies the whole 
concavity, as beautifully shown by De Loriol in Mill, polydactylus 
(PI. 110, fig. 1 a). In other species of Millericrinus in which 
no underbasals have been observed, and in the genus Apiocrinus, 
the structure is fundamentally the same, except that the columnar 
concavity is formed exclusively by the basals, the underbasals 
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being here absent, and the space which they should fill left vacant 
in the fossil. In all these species the top stem joint occupies the 
same position toward the basals that it does in the two 
species in which the underbasals are in place, although the 
plate varies considerably in form. In some of them it ap- 
pears as if forming a part of the calyx, in others as an ordinary 
stem joint. In some species it is much wider than the succeeding 
joints, in others of the same width ; but there are all possible 
gradations between the extremes. In all of them, however, the 
plate rests against the outer walls of the basals as in Mill, poly- 
dactylus, not within the basal ring, and in all of them the basal 
concavity, whether large or small, is completely filled by the top 
stem joint. 

It is very interesting that in the two cases in which De Loriol 
accidentally discovered underbasals, these were separated from 
the basals, and are closely attached to the column, which goes to 
prove that probably already a partial resorption of the plates 
took place. It suggests further that the union with the under- 
basals was tighter than with the basals, that probably the former 
was effected by common suture, the other by sj r zygy or some other 
loose way, the apposed faces being either striated or showing 
traces of fossae. 

A near approach to the structure of Millericrinus poly d act ylus 
we find in Mill. Piletti (PI. 63), in which no underbasals were 
observed, but the lateral faces of the basals (fig. 8 a) show clearly 
that underbasals were once present. The column also here, from 
the first joint down, is strictly interradial, the axial canal small 
and round, and not in proportion to the large open space between 
the basals. The basal concavity is funnel-shaped, very deep, 
wide at the outer end. The upper stem joint is large, and extends 
in width considerably beyond all succeeding joints. 

A similar base exists in Mill. Milleri (PI. 96), in which again 
the upper columnar joint is laterally extended and strictly inter- 
radial, the columnar canal round, and much smaller than the 
open space within the basal ring, which is star-shaped, the rays 
directed radially. 

A very different base is figured by De Loriol in Apiocrinus 
magnificus (Pts. 46-48), in which the top stem joint takes the 
form of the anchylosed underbasal disk of the Palajocrinoid genus 
Stemmatocrinus. A comparison, however, with other species 
proves very clearly, that it is a top stem joint of a very extreme 
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form, and that the plate actually rests against the outer faces of 
the basals, and not between the basals as in the case of the inner 
plate in Stemmatocrinus and Cupressocrinus, which Carpenter 
(Chall. Rep., p. 152), as we think, erroneously took to be a stem 
joint. The plate in Apiocrinus magnificus is not, as should be 
supposed from appearances, disposed radially, but interradially, 
as shown by comparison with species having a pentangular stem. 
It attained its radial angles accidentally by adapting its form to 
the basal concavity which is naturally angular. The case is parallel 
to that of Eucalyptocrinus and Barrandeocrinus, in which the 
angles of the upper column are shaped so as to conform with 
surrounding plates, which are in that genus the radials. 

In Apiocrinus Parhinsoni (Pts. 27 and 28) and in A, roissyanus 
(Pts. 41-45), the basal structure is similar to that of Ichthyocrinus, 
but, while in the latter the underbasals are persistent through 
life, they may have disappeared in the other. The basal concavity is 
shallow, and in both species the upper portions of the column taper 
abruptly in a downward direction. The same is the case fre- 
quently among the Ichthyocrinidae. 

The base of Ouettardicrinus and Ehizocrinus is in a similar 
condition, but less concave. For Ehizocrinus we refer to the 
Challenger Report, PI. x, figs. 5 and 9. The top stem joint 
resembles closely that of Apiocrinus, and also the basal con- 
cavity, which also here is filled completely by the top joint. The 
columnar canal is circular or ovoid, and much smaller than the 
pentangular space within the basal ring, which, contrary to mono- 
cyclic Crinoids, is directed radially. The same is the case in 
Ouettardicrinus. Both genera are built on the same plan as 
Apiocrinus, and if the latter possessed underbasals, these plates 
were also present in Ehizocrinus and Ouettardicrinus. 

In the Pentracrinidte, and not only in Extracrinus, in which • 
underbasals have been observed, but also in Pentracrinus and 
Metacrinus in which they are said to be absent, the angles of 
the column, without exception, are interradial, the lateral cirrhi 
radial, but, while the axial canals of Metacrinus, and probably 
Extracrinus, are radial l in conformity with dicyclic Palaeocri- 
noids, they are interradial in Pentacrinus, 2 as in all monocy- 

1 Challenger Report, PI. 12, figs. 1 and 2, and PI. 41, figs. 6 and 7. 

1 PI. 12, figs. 15 and 16 ; PI. 20, figs. 1 and 2 ; PI. 22, figs. 1, 2, 7 ; PI. 23, 
figs. 1 and 2 ; PI. 26, fig. 11 ; PI. 27, figs. 2, 8 ; PI. 80, fig. 4 ; PI. 34, figs. 8 
and 9 ; PI. 87, figs. 14 and 15. 
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clic older Crinoids. This departure from what we discovered to 
be the rule in the Palseocrinoidea induced us not to mention the 
axial canals in suggesting on p. 71 that perhaps " all Neocrinoids, 
or at least many of them, may have possessed in their larval state 
rudimentary underbasals hidden by the column," basing our argu- 
ments mainly upon the interradial angles of the column and the 
radial position of the columnar cirrhi. This forms at present an 
objection to our view that the two genera, and especially Penta- 
crinus, are dicyclic. On the other hand it must not be over- 
looked that the position of the column, whether radial or inter- 
radial, apparently is governed by laws similar to those by which 
the underbasals are radial, the basals interradial. The pen ta par- 
tite stem — and this is found in quite a number of palaeozoic genera, 
especially Silurian — alternates always with the proximal ring of 
plates, the segments are radial when there are basals only, inter- 
radial when also underbasals are present. In Palseocrinoids in 
which the column is undivided and pentangular, its position, 
whether radial or interradial, is ascertained from its lateral angles, 
and hence their direction morphologically important. In species 
in which the underbasals are small, and completely covered by 
the column, as sometimes in Barycrinus, the angles of the column 
occupy the same relative position toward the basals, as the upper 
stem joint of Metacrinus, Pentacrinus, Millericrinus and the cen- 
t rod or sal of all Comatulse does toward their basals. This led us 
to the conclusion that either the rules, which meet with no excep- 
tion among Palasocrinoidea, as far as we know, either do not hold 
good for the Neocrinoidea, or the genera to which we alluded, 
and which are built otherwise upon the plan of dicyclic Crinoids, 
really possessed rudimentary underbasals during life as Extracri- 
nu8 and certain species of Millericrinus, or that perhaps under- 
basals were present in their larva. 

The ventral surface of the centrodorsal in some species of 
Antedon is almost identical with that of the top stem joint of 
Millericrinus, the plate is also interradial (PI. 6, fig. 11), and 
rests, as in the Apiocrinidae, against the outer face of the basals, 
not within the basal ring. It is similar in other Comatalse, in all 
of which the centrodorsal is interradial, and upon this mainly, we 
base the opinion that perhaps also the Coinatulse in their early 
larva had rudimentary underbasals. That these plates, if present, 
were not observed, is not surprising, as they may have been very 
minute and been covered entirely by the column. 
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Zittel suggested (Handb. d. Palaeont., i, p. 390), that the plate 
which connects with the basals in Aptocrinus probably repre- 
sented an anchylosed underbasal disk, composed of five pieces. 
That this is impossible is shown by the case of Mill, polydactylus, 
which in that case would have two rings of underbasals. We 
fully agree with De Loriol and Carpenter that it is an enlarged 
stem joint, and believe that the plate represents morphologically 
the top joint (the first one beneath the basals) of all Crinoids, 
recent or fossil. The plate forms no integral part of the calyx, 
but rests in all cases either against the dorsal (outer) face of the 
basals, against the underbasals, or against both of them. It is 
disposed interradially in the Apioerinidae, Pentacrinidae and Com- 
atulae, similar to dicyclic Palaeocrinoids, and undivided ; while in 
other groups it is sometimes compound (tripartite or quinquepar- 
tite). The underbasals, however, form an integral part of the 
calyx, they rest within the basal ring, against the lateral faces of 
the plates, and they are composed primarily of five pieces, which 
occasionally are reduced by anchylosis to three, or coalesced into 
a solid disk. If this is correct, it follows that the inner plate of 
Stemmatocrinu8 1 Cupressocrinus and allied genera is not a stem 
joint, as suggested by Carpenter (Chall. Rep. 153) and others, 
but an anchylosed underbasal disk, as seen by examining the 
inner side of the calyx, which shows that the plate forms a part 
of the calyx, and rests against the lateral faces of the basals, 
within the basal ring, and not against their outer faces. 



ADDITIONS AND CORRECTIONS. 

Owing to peculiar circumstances preventing a sufficiently careful super- 
vision of publication (although the proofs were carefully examined by one 
of the authors), a number of errors have been detected, especially in the first 
section of Pt. III. Two or three of these are exceedingly annoying, entirely 
changing our meaning. We request our readers to make the changes at 
once in their copies as indicated below. 

Part I. 

On p. 239 (Ex. Ed., p. 16), 6th line from bottom, for "Pateocrinoids" 
read "PentacrinovU" 

On p. 251 (Ex. Ed., p. 28), 16th line from top, for " first radials" read 
"fczjala" (although the interpretation thus indicated has been modified 
by us). 

On p. 324 (Ex. Ed., p. 101), 11th and 10th line from bottom, change 
twice : "radial" into * l intorradial," and "inte^^adia^ , into "radial 9 * 
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Part TL 

On p. 207 (Ex. Ed., p. 38), 4th line from bottom, for "inverted" read 
"recumbent." 

On p. 247 (Ex. Ed., p. 73), 19th line from bottom, for " ornigranules " 
read " omigranulus." 

On p. 250 (Ex. Ed., p. 76), 4th line from top, for "vesiculus" read 

" VesiCUlOSUS." 

On p. 281 (Ex. Ed., p. 107), 20th line from top, for " elongatulus " 
read " elegantulus." 

On p. 281 (Ex. Ed., p. 107), 16th line from top, for "comptus" read 
"comtus;" and 20th line from bottom, for " Harbrocrinus " read 
1 ' Habrocrinus. ' ' 

On p. 298 (Ex. Ed., p. 124), 2d line from top, for "posterior" read 
" superior." 

On p. 299 (Ex. Ed., p. 125), 7th line from top, for "first" read "second." 

On p. 819 (Ex. Ed., p. 145), 2d line from bottom, for "tennuis" read 
"tenuis." 

On p. 320 (Ex. Ed., p. 146), 1st line from top, for "tennuisculptus" 
read ' ' tenuisculptus. ' ' 

On p. 856 (Ex. Ed., p. 182), 12th line from top, for "basals" read 
"underbasals." 

On p. 389 (Ex. E<L, p. 215), 4th and 11th lines from top, for "pendant" 
read "pendent." 

On p. 393 (Ex. Ed., p. 219), 14th line from top, for " mammilaris " read 
"mamtnillaris." 

Part III, Sect. I. 

On p. 228 (Ex. Ed., p. 6), top line, insert after "aud" the words "we 
think." 

On p. 229 (Ex. Ed., p. 7), 5th line from bottom, for "radials" read 
" interradials," and 4th line from bottom, for "interradials" read 
"radials." 

On p. 230 (Ex. Ed., p. 8), 15th line from top, after the word "cirrhi" 
insert " when present." 

On p. 232 (Ex. Ed., p. 10), 10th and 11th lines from top, for "postero- 
lateral" read " antero-lateral." 

On p. 285 (Ex. Ed., p. 13), 8th and 10th lines from top, for " PL 6 " read 
"PI. 5;" also 4th line from bottom, for " Hoplocrinus " read "ITaplocrinus." 

On p. 241 (Ex. Ed., p. 19): Our statement in the 16th and 17th lines from 
bottom has been made the basis of a criticism by Dr. P. H. Carpenter, which 
is well founded. It did not properly express our meaning, and we change 
it as follows : Strike out all after the word "present" to the end of the 
sentence, and insert : "in others apparently absent externally, either as a 
rule or occasionally, but in these eases we believe them to be represented on the 
ventral side, as in the Vrotalocrinidm." In the same connection, on p. 295 
(Ex. Ed., p. 73), in the 12th line from the top, strike out "all," and after 
the word "are" insert "generally." 
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On p. 245 (Ex. Ed., p. 23), 8d line from top, for "Pateocrinid® " read 
" PulcBocrinoidea." 

On p. 249 (Ex. Ed., p. 27), 6th line from bottom of text, for "PI. 2" 
read " PI. 5." 

On p. 253 (Ex. Ed., p. 31), 8th line from top, for "stellatus" read 
" sUllaris." 

On p. 254 (Ex. Ed., p. 32), 18th line from top, before "alone" insert 
"perhaps." 

On p. 255 (Ex. Ed., p. 33), 14th line from bottom, for " multiradiatus " 
read " mtdtibrac hiatus^ and for "fig. 2 "read "fig. 6 ;" also 11th line from 
bottom for "Norwordi " read " Norwoodii ;" also 5th line from bottom, for 
" to each plate " read " or more." 

On p. 263 (Ex. Ed., p. 41), 5th line from bottom, for "radials" read 
" interradials." 

On p. 277 (Ex. Ed., p. 55), 14th line from bottom, for "PL 8" read 
tl Pl. 9." 

On p. 285 (Ex. Ed., p. 63), 9th line from top, for "PI. 1 " read 'PL 4." 

On p. 287 (Ex. Ed., p. 65), 5th line from bottom, for "Iovensis" read 
" unoensis." 

On p. 291 (Ex. Ed., p. 69), 12th line from top, for "anal" read "oral" 

On p. 292 (Ex. Ed., p. 70), 14th line from top, read "Pafaocrinoidea." 

On. p. 294 (Ex. Ed., p. 72), last line, for "as a rule" read "always." 

On p. 295 (Ex. Ed., p. 73), top line, for "Pateozic" read " Pahtozoic" 

On p. 3< (Ex. Ed., p. 78), at top, for " Stellorites " read " Stellerids." 

On p. 303 (Ex. Ed., p. 81), 16th line from bottom, for " Palieocrinoidaa " 
read " Palaocrinoidea." 

On p. 307 (Ed. Ed., p. 85), 15th line from top, for " Beteocrinus " read 
"Beteocrinus " 

On p. 812 (Ex. Ed., p. 90), 6th line from bottom, for " Platynicridaa " 
read ' ' Pla tycrinida. * * 

On p. 321 (Ex. Ed., p. 99), under Thylacocrinus, for "Vanniosti" read 
" Vannioti." 

On p. 327 (Ex. Ed., p. 105), top line, for " mespiliformes " read "mespili- 
formis." 

On p. 336 (Ex. Ed., p. 114), 12th line from bottom, for "simple" read 
"single." 

On p. 349 (Ex. Ed., p. 127), 18th line from bottom, for "Nebergangs- 
geb.," read " Uebergangsgeb.;" and on the 11th line, for "Dup6" read 
" Hupe." 

On p. 3")9 (Ex. Ed., p. 137), 9th line from top, for "peristjmear' read 
" peristomial ;" and 12th line, for "were" read "was." 

Mr. W. R. Billings discovered underbasals in Glyptocrinus prisons, and 
we therefore refer the species to "Ptychocrinus" He also did send a dia- 
gram of Rhodocrinus (?) asperatiis, which leaves but little doubt that it is 
a somewhat aberrant form of " ArcTueocrinus." 
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Part HI, Sect. II. 

On p. 71 (Ex. Ed., p. 147), 13th line from bottom, strike out the word 
"constructed." 

On p. 79 (Ex. Ed., p. 155), 2d line from bottom, read " MyrtUlocrinfts" 
without an "A." 

On p. 89 (Ex. Ed., p. 165), 10th lino from top, for "Austin!" read 
"Austinii." 

On p. 90 (Ex. Ed., p. 166), 3d line from bottom, for " Scytalocrinus " 
read " Stylocrinus." 

On p. 99 (Ex. Ed., p. 175), 11th line from top, for 'T. granulatus" read 
" T. pyriformis." 

On p. 105 (Ex. Ed., p. 181), 14th line from bottom, for " py rimidalis " 
read "pyramidalis" 

On p. 115 (Ex. Ed., p. 191), 15th line from top, for " Streblocrinus " 
read "Streptocrinus." 

On p. 150 (Ex. Ed., p. 228), 22d line from top, for "subuminus" read 
" subtumidus." 

On p. 157 (Ex. Ed,, p. 233), 18th line from top, strike out the brackets 
and insert " commas " in their place. 

On p. 161 (Ex. Ed., p. 237), 5th line from bottom, for " Dactilocrinus " 
read "Dactylocrinus." 

On p. 162 (Ex. Ed., p. 288), 13th line from top, for "single" read 
"simple," 

On p. 163 (Ex. Ed., p. 289), 16th line from bottom, for " Parisocrinus " 
read " Pachylocrinus." 

On p. 166 (Ex. Ed., p. 242), 11th line from bottom, insert: "*Woodo- 
crinu* coxanus, Worthen {Zenker inns coxanus), Ocol. Rep. Illinois, trf*\ p. 302, 
PI. 28, fig. 1. Keokuk gr. — Hamilton, III. Syn. Zeacrinus Keokuk, ibid., 
p. 303, fig. 3." 

On p. 167 (Ex. Ed., p. 243), 10th line from bottom, for "PI. 6, fig. 3," 
read "PI. 6, fig. 9 and PL 9, fig. 8." 

On page 169 (Ex. Ed., p. 245), 5th line from bottom, for "orbicularis" 
read " globularis." 

On p. 171 (Ex. Ed., p. 247), 12th line from bottom, for " Epachycrinus * ' 
read "Eupachycrinus. 1 ' 

On p. 173 (Ex. Ed., p. 249), 17th line from bottom, for " platybasilis " 
read " platybasnlis." 

On p. 175 (Ex. Ed., p. 251), 15th line from top, add the word "right" 
before postero-lateral. 

On 177 (Ex. Ed., p. 253), 18th line from bottom, for " Eriocrinus" read 
"Erisocrinus." 

On p. 197 (Ex. Ed., p. 273), 21st line from top, leave out the word 
' ' axial ' ' before * ' canal. ' ' 

On p. 279, 17th line from top, for "The sloping upper face connects at 
one side with," read "One of the sloping upper faces connects toith;" and, 
5th line from bottom, for "basals" read "radials." 



(Continued from Page 302.) 

On pp. 119 and 121 (Ex. Ed. pp. 195 and 197), change "Grevingk" into 
"Greirinfik;" and on p. 119 (195), 8th line from bottom, change the word 
"considered" into ** smjt/ested." 

On p. 147 (Ex. Ed. p. 223), at the top, for ■' Attelesocrinus " read 
" Atelextoerinw*." 

On p. 183 (Ex. Ed. p. 259), 8th line from bottom, for "Owerwegr" read 
•* Orermy;" and 2d line from bottom, for " Grephini " read " Greppini." 

On p. 185 (Ex. Ed. p. 261), 18th line from bottom, for "Silurian" read 

blli'tititH. 

On p. 189 (Ex. Ed. p. 265), 11th line from bottom, after "Shum." insert 
" F»t fritter, turn if Ins/* 

On p. 190 (Ex. Ed. p. 266). 5th line from bottom, for "Mo." read " Tenn." 

On p. 215 (Ex. Ed. p. 291). in the Bibliography of StvphaHOcrhius, for 
** Carpenter" read Ether idye <f- Carpenter." 

On p. 220 (Ex. Ed. 296),18th line from bottom, for " Piletti," read " Filleti." 

On p. 221 (Ex. Ed. p. 297). 11th line from top. for "that" read "the 
for iner;" also on the 6th and 7th lined from bottom, for " Pentracrinua " and 
Pentracrinidse " read " Fentaerimta" and " 1'entaerinidu'" 

On p. 224 (Ex. Ed. p. 3(H)), 14th line from top, for "7th" read "6th;" 
and on the 16th to 1Kb lines from bottom, for "radials " and " interradials " 
read "radial" and '* intemtdial." 

On p. 225 (Ex. Ed. p. 3()1), 10th line from top, for " multibrachiatus " 
read '* Giiesi" and strike off the rest of the sentence to " ufoo." 

On p. 226 (Ex. Ed. p. 302), 15th line from top, for "228 " read " 226." 



INDEX. 



The index contains a complete list of all generic and specific 
names used in connection with the Pataocrinidea, and will be 
found useful for reference to avoid synonyms. All names given 
in large Roman letters are recognized by us ; those in italics are 
either synonym names or species which have been referred to 
other genera ; those in brackets are not quoted in the text. 
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Abacocrinus, II. 133: III, 10ft. 

Cappelleri, II, 135. 
medius, II, 135. 
tessellatus, II, 135. 
tesseracontadactylus, 
II, 135. 
Ahracrinun, 11,105. 

" nhiipUx, II, 108. 

ActinthocriitH*, 11,209. 

" ynic'ti: II, 212. 

fouyi*/n'na, II, 212. 
nminlniiuHy II, 212. 

Achradocrinus, III, 191, 227. 

•« ventrosus, 111,227. 

AcrocrinidtB, III, 93, 120. 
Acrocrinus, III. 124. 

" Shumardi, III, 125. 

" urnaeformis, III. 125. 

" Wortheni, III, 125. 
Actinocrinidae, 11,6,91; 111,92, 105. 
Aotinoorinites, II. 93, 138: III. 112. 
Actinoorinui, 1 1, 1 38, 90. 223 ; III, 1 12. 

afnionnit, II, 137. 
aculmtun, II, 223. 
ayifop*, II, 148. 
tr<]U<ifi* t II, 165. 
trijuihrarhiatiia, II, 165. 
trquihrachiiitu*, var. 

alatui, II. 105. 
Agat'tzi, II. 223. 
althea, IT, 148. 
amphora, II, 155. 
ampluij II, 131. 
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nndmraitiHut, II, 165. 
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aruntnlni, II, 151, 223. 
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armatus, II, 142. 
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asperrimus, II. 142. 
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uttering, II, 146. 
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(interhvuH, II, 165. 




tt 


nrthriticu*, I, 147. 
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atht*, II, 154. 
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hilnrhinulu*, II, 165. 
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breriralyx, II. 223. 
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hrertMitnuM, II, 131. 




tt 


ItrrvfCitrnia, II, 137. 
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brrvi*, II, 112. 
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brontei, II, 142. 
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nitjfruloide*, II, 172. 
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ctttyctttu*, II, 165. 
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c«!yp*» t II, 161, 223. 
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mmtlycufattt*, II, 179. 
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earica, II, 172. 
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Cnroli. II. 165. 




tt 


Cnnnrdoyi, II, 161. 
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catafnietM, II, 223. 
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cuulirulun, II, 161. 
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chlori; II, 146. 
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Chn'Mtyi (Shum.), 11,166 
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ChHttyi (Hall), II, 132 
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cinyulatn*, II, 224. 
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olarns, II, 142, 
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clttviytrun, II, 168. 
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Clio, II, 165. 
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c/iro*w#, II, 149. 
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cfcWm, II, 173. 
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clypeatut, 11, 166. 
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Aotinoorinui coelatns, II, 143. 
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concavwtf II, 179. 
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concinnui, II, 151. 
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oonstriotui, II, 143. 
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Copti, III 113. 
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corbulit, II, 173. 


tt 


comicutu*, II, 112. 
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cornigerun (Hall), II, 179. 
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coruigeru* (Lyon A C), 




11, 161. 
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corotmtu*, II, 173. 
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cornutu*, II, 224. 
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Coreyi, II, 224. 
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co*tatit9 (Kichw.), II, 224. 
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coatatu* (Bigsby ), II, 224. 
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oostus, II, 143. 
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crr4««ii«, II, 224. 
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cyathiformi* t II, 224. 
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Daphne, II, 143. 
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dalyauua, III, 112. 
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deeadaotylus (Goldf.), 




11, 121. 
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decadactylua (Portl.), II, 




143. 
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deromia, II, 179. 
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delicatua, II, 149. 
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deornatus, II, 143. 
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de$ideratu* t II, 179. 
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diacoideu*, II, 166. 
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divaricatui, II, 179. 
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divergent, II, 155,224. 
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divergent (var.), multira- 




7H09U9, II, 155. 
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dodecadactylut, II, 166. 
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dori$. II, 165. 
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dorsatus, II, 143. 
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dubiu*, II, 224. 
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eotypus, II, 143. 
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elephantinut, 11, 224. 
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en*, II, 112. 
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erodut, II, 149. 
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eryjc, II, 143. 
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rncharit, II, 161. 
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eucoHut, II, 166. 
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Evanaii, II, 137. 


tt 


exoerptus, II, 143. 
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erpanau*, II, 224. 
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Jibu/a, II, 224. 
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jiaceltut, II, 112. 


tt 


formotut, II, 166. 
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Foster!, II, 143. 
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gemmiformit, II, 173. 
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yibbotut, II, 224. 



Actiuocrinua Gilberttoni (Miller), II, 

155. 
" Gilberttoni (De Kon.), II, 

145. 
" glani, II. 143. 

" flr/»/;o« M «,II,212,224; III, 

112. 

" 9 f W tv *> H« I 60 - 

" Gould i, II. 179. 

" grandia, III, 113. 

" granulatua (Austin), II, 

225. 
" granulatua (Goldf.), II, 

225. 
" HageH, TI, 166. 

" helice, II, 112. 

" fiumboldti, II, 225. 

" hurdianus, 11,143. 

" ioosidactylus, (Portl.), 

II. 144. 
" icotidactylua (Ca*8.), II, 

166. 
•' indianenaia, II, 166. 

" iujtatua, II, 155. 

" infrequens, 11,144. 

" iuontatut, II, 166. 

" intculptua t II. 149. 

" interradiatut, II, 132. 

" irregularis II, 166. 

" jngOSUi, II, 144. 

" kcntvckientit, II, 161. 

*< Koninckii, II, 173. 

" laevis (Miller), II, 144. 

" l*vit (Goldf.), II, 225. 

" Itevitaimut, II, 225. 

" lagena, II, 145. 

lugttiiculuSf II, 166. 

In tut, II, 138. 

" laura, II, 167. 

" lepidua, II, 167. 

" leucotia, II, 173. 

" limabrachiatus, II, 144. 

" liratut, II, 149. 

" lobatus, II, 144. 

" locrlhit, II, 145. 

" longidigitatut f II, 132. 

longimanut, II, 132. 

lottgirottrit, II, 167. 
" longi*pinua f II, 225. 

longTM, II, 144. 

Lowei, II, 144. 
" lucina, II, 144. 

" major, II, 225. 
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Moww.7tntM.il, MS. 
mafHa, II, 173. 

II, 172. 
m-diu,, 11,225. 
Mtriii, II, 103. 



I, 137. 
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., II, 179. 

r. (.«.) 
.,«>'>'■, ii.itb. 

.inWHM, 11,179. 

m-HiU/rr—, II, MS. 
mmilifarmit, II, 132. 
W-irlofll' II, 225. 

multibr»ob.utui, 1 1, H*. 
•nifMhu, II, ass- 

n ,„/r,«r„„., II, I0i. 
multirsdiatus, II, 144. 
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(«., 11,187. 

HdrfN/lMlH, II, 226. 

■itIkVm, II, 132. 
ny.", II. 181, 
oK.ih», II, 188. 
.,t,,,yram;<lnti: I, 122. 
«f/ic*(i«, II, 13!. 
olla, II, 144. 
opmcnlm, It, 144. 
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88. 
M28. 



.. II, 79. 
,.,..'... II. ISO. 
penlcillDJ, 11,144. 
^« 0? «™,II,1S1. 

,.,»t:tp,",f. It, 105. 

jvraodo.v II, 145. 
,, tr »»b-..«: II, 160. 
piM.lliformi; II, 187. 
piuilln, II, t«7, 
plat-totitit, II, IBS. 
,,!.,«..*..*»•, II, 187. 
■!..--. I: 226. 
p.. r ,u*».. II, 162. 
poIjdMtylni (Miliar), 

II, 145. 
poifJntftu, (Bonnejr), 

II, 1M. 
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pnMKrMr, II, 180. 
probtnoidialii, II, 145. 
pr»...,',».b, 1,180. 
faUm 11,132. 
pmillm, II, 145. 

j.y.nm /*«»., II, 112. 
W**n* (Shun..), II, 
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pgriformi, (T.r.) ™d;., 

II, 187. 
gWrtyfiNt, II, 155. 
fw.(trwtr.*H, II, 145. 
,*.,».,».,,(„. (™,., v .„. 

././«., II, 1(5. 
,„-,,...,.,'.-... II, 132. 
» n , UT «(vA-., II, 179. 
rod.**., 11,226. 
r— itnm, II, 173. 
«?■■'... II. 180. 

, II, 326; ill, 
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nl.or,.., II, J' 
reticulata*, II. 145. 
rolfudmt, II, 18M. 
f»rf... II, 119. 
rwf>>», II, 145. 
.,*»(i„ n »w, II, 133. 
■oitalni, II, 145. 
.....c. li.i. . II, 151. 
.■•,.■-, (B. A. Miller), 

II. 226. 
nwVmMalKt, II, 226. 
maKiu, II, 157. 
nm, II, 145. 
•exarniAtni, II, 115, 

.--..•«,.,-,. II, 14ft. 
•ir»,(-t,II. 168. 
timpUi, II, 108. 
..-«.,.«.. II. 161. 
■peWont, II, 160. 
■j b i i t um l fa m, II. I5S. 
>p in o tenuoul n • . 1 1 1, 

112. 
qnaatw**, II, 180, 
Mellaril, II. 145. 
ttrrvp,,, II, 16H. 
tfn.(«, II, 227. 
...'.i^-. . ,.-.j. II, IH. 
.,.'.?„■><... II, 166. 
.-■ •-.-'.■■..«.., II. 179. 
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subumbrotu*, II, 149. 
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tubventricoatu, II, 157. 
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luperlatHt, II, 137. 
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aymmetricua, II, 179. 
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tenuidiacna, II, 13.3. 
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tenuiradialu* (Hall, 1847), 
II, 149. 
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<e>i«trar/i7ffir«(Hall,1861), 
II. 149. 
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tenuis, II. 145. 
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tenuisculptus, II, 146. 
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tennittriatua, II, 227. 
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totMllatus, II, 146. 
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teaaeratua, II, 227. 
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(Goldf.), II, 135. 
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teaaeracoutadnctylna 
(Higinger), II, 108. 
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thalia, II, 146. 
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thetia, II, 145. 
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tkoaa, II, 145. 
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tholns,II, 143, 227 ,111, 
112. 




tt 


triacontadactylus, II, 
146. 
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tricornia, II, 180. 
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tricmpidatus, II, 146. 
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trinodun, II, 179. 
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turbinate*, II, 168. 
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turbinatus (var.) elegant, 
II, 168. 
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utiibroaua, II, 149. 
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nnioarinatus, 11, 146. 
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unicornis, II, 18ft. 
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uniapinua, II, 180. 
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urna, II, 227. 




tt 


nrurformii, II, 173. 
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vat id tit, II, 151. 
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vcntricttttm, II, 157. 
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vtntricoaua (var.) cancel- 
lated, II, 157. 
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ventrical** (var.) inttrno- 
diu4, II, 157. 
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ventricosns (var.) reticu- 
lata*, II, 157. 
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Verneuili, II, 122. 
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vernew'lianua, II, 173. 
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verrucosus, II. 146. 
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viaticoa, II, 146. 
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viminalia, II, 156. 
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Wachtmuthi (White, 
1862), II, 145. 
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Wachtmuthi (White, 

1882), II, 168. 
Whitei, II, 133. 
Whitjieldi, II, 132. 
Yandelli, II, 168. 

Adambulacral or Side-pieces, 
III, 59. 

Adelocrinua, I, 147. 

" ' hyatrU, I, 147. 

Agariooorinitet, II, 93, 96; III, 105. 
Agariooorinui, 11,109,228; III, 105. 
americanus, II. HI. 

bellatrema, II, 228. 

brevii, II, 112. 
bulla twt, II, 228. 
oonvexus, II, 112. 

cor ruga tu*, II, 228. 

orassui, III, 105. 
elegant, III, 105. 
erit, II, 112. 

excavate*, II, 228. 

fiacellus, II, 112. 
geometrical, II, 112. 
gracilis, II, 1 12. 
helioe, II, 112. 
inflates, II, 112. 
uodo«H$, II, 228. 

ornotrema, II, 112. 
pentagonal, II, 112. 

pentagonu* (var.) con- 
wxus, II, 228. 

planoeonvexus, II, 112. 
pyramidatuB, II, 112. 
Springer!, II, 113. 
stellatus, II, 113. 

tnberosu*, H, 228. 

Whitfieldi, II, 113. 

Wortneni, II, 113. 
AgaBBisoorinnj, III, 192, 247, 262. 

carbonarins, III, 265. 

oonionj, III, 265. 

ohesterensU, III, 265. 

constrictus, III, 265. 

dactyliformis, III, 
262, 265. 

gibbosus, III, 265. 

gtoboaua, III, 247, 248. 

gracilis, III, 265. 
( " hemiaphericua, Worth.)? 

IbbtIb, III, 262, 265. 

occidental^, III, 265. 

papillate; III, 247, 248. 
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AgMiitooriaui pentagonal, Til, 28». 
" tnmidua, III, 265. 

Allugcrriuidlt, III, 1&5. 

Allagaorinni, III, 1M. 155. 

" AaBtinii, III, US. 

" Carpenteri, III, US, 

" i.««>b«., Ill, 104. 

Allnproialloorimn, II, 113; III, IBB. 

" ooniooa, II, 114. 



A«.bhii-riuK*, II, 22S. 

Ambulacra) tubes, 1,5; II, 2) 
Amphariitoortntu, III, 191, 219. 
" typw, III, 219. 

A-ipkora.ll, 155. 

Amphoraariitna, It, 151; III, V. 



INDEX, 

Anomaloorinm inenmii, I 

212. 



111. 



>tiM, n, ut. 



•i ". i- 



inmi, II, 228. 
divargana, II, 155. 
»«■»•(■», II, 12. 
Gilbertioni, II. 145. 
granulaltu, II, 228. 
™/t«hw{M. 4 W.), II, 

112. 
.„/(..«« (Hull), 11,1(5. 
oraotrwia, II, 112. 
7>foito6<u»it, II, 155. 

pAwMOHMJ-jf, II, 112. 

[njfgnii, Role, not d«- 
Bnad). 



" nUmrbinalHt, II, 179. 

" viminalU, It, 155. 

Anmnbulacral plates, III, 59. 

AargrocriKM, III, 1S6. 



Anuocrinm, 1,37: 111,14.1. 
Angalini, I, 37. 
" intarradiatni, I, ST. 

Anonulocrinidn, III, 110, 187, 193. 
Anomaloorinni, I, 72, III, ISA, 187, 



92, 211. 



, 73; 



T!!; III, 



Anthamoorlnni, II, 208) III, 99. 

" minor, II, 209. 

" vennitni, II, 209. 

h-criaiihr (Roamer), III, 142. 

hocriuu; III, 147, 150, 154. 

" Latent, III, 1*7. 

" pa»clat«; III, 152. 

" KTtjXN., Ill, 161. 

Anthodiata, 111, 77. 
ApiocrinuB, III, 5, 8, 26, 137, 
197, 295. 

Apiucrinu .n-lpt.,; Ill, 1S2. 
A,,l., r ri,.i.Iw, III, 159. 
AfloBrimm, 111,159. 
AJraohDOorinui, 1,92: 111,191. 
" bolbnenn, I, 9;s. 



gT»nul«tQi, I, 93. 
Knuppi, 1, 93. 
ptefar*,., I, 91; III, 



III (re 



recti ons). 

" daaidaratu, 111,97,98. 

" glcbularii, 111,98. 

" laonnaana, II, 190. 

" marginatna, II, 199. 

" miorobaailU, II, 190. 

" piriformis. II, 190. 

" aonlptna, 111,07, 98. 

Arms and pinnules, II, 22 ; III, 

14. 
Arm-plates and Brachials, II, 

9; 111,10. 
Arthroaoantha, III, 116. 

" CarpanUri, III, 119. 

" ithaoanaia. III, 119. 

" ironotobraohiaU, III, 



ArtionlsU ( W. ■ 
ArtiaUata (MBV. 
Aipittoerinut, 11. 



8p.). Ill, 8, 80, 82, 140. 



i, MttnH) 

minabla. 
Mtrtkiioni, Muni 



II, 228. 
Hii, II, 228. 
838), uDdalar- 
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(Atteroeriuut Muntteri, De Vern.). 
( " pachidactyhtHy Vanux.). 

( " pritcM, De Vernouil). 

Aiterocrhm* (Lyon), 1857, II, 87, 228. 

capita lis, II, 91. 

coronatns, II, 01. 
(Aitrocrinitet, Cumberland, 1829). 
( " Austin, 1842). 

A»trovrinitf (Conrad), 1840, II, 1 18, 228. 

'* pachidaclyltte, II, 122. 

Aitropodia, II, 229. 
(A*tytida, Roeiner, 1853.) 
Astyloorinidae, III, 186, 192, 194, 262. 

Astylocrinu*, 111,262. 

« l*vh, III, 262, 265. 

Atnxocrinut, II, 73. 

" ciiponiform'iSf II, 73. 

Atelestoorizras, III, 191, 221. 

" delioatus, 111,221. 

" robustus, III, 221. 

Atocrinm, II, 57? 111,226. 
« Milleri, III, 226. 

Azygous plate, III, 11. 

Bnctrocrinite* fuuifornti*, I, 78, 147. 
Baroorinui, I, 74, 147; III, 186,195, 
198. 
" Ungerni, III, 197, 198. 
Bultmocrinu*, II, 199. 

injintus, II, 229. 
tculptuH, II, 201. 
Barycrinus, I, 99, 147; III, 188, 191, 
224. 
" angulatus, I, 102. 

" bulbosus, III. 

" bullatus, 1, 102. 

" cornutus, I, 102. 

" crassibrachiatus, I, 102. 

" geometricus, I, 102. 

" herculeus, I, 102. 

" Hoveyi, I, 102. 

Kelloggi, 1,102. 

Lyoni f I, 96. 

magister, 1, 102. 

magnifies us, I, 103. 

mamma tus, I, 103. 
" pentagonal, I, 103. 

'• rhombiferus, I, 103. 

" sculptilis, 1, 103. 

" solidus, I, 103. 

" spectabilis, I, 103. 

" spurius, I, 103. 

" stellatui, I, 103. 

<< striatns, 1, 103. 
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Barycrinu*, 


tubtumidui, 1, 103; III, 224, 




226. 


it 


Thomae, I, 103. 


*t 


tnmidus, I, 103. 


a 


Wachsmuthi, I, 103. 


BarrandeoorinicUe, III, 93, 125. 


Barrandeoorinus, III, 125. 


tt 


sceptrum, III, 127. 


Basals, I 


,16; H, 7; 111,6. 


Batoorinitei, II, 93, 96; III, 13. 


Batocrinni 


, II, 162,229; III, 113. 


a 


aequalis, II, 165. 


tt 


aequibrachiatus, II, 165. 


it 


fi»/<ri'#rii», II, 165. 


It 


andrewsianus, II, 165. 


tt 


biturbinatus, II, 165. 


tt 


calyculus, II, 165. 


it 


oalyculus (var.) hardinen- 




sis, II, 165. 


it 


Caroli, II, 165. 


It 


oassedayanus, II, 165. 


tt 


Christyi, II, 166. 


tt 


cluvitjerv*, 11, 229. 


tl 


clypeatus, II, 166. 


it 


discoideus, II, 166. 


tt 


dodecadactylus, II, 166. 


tt 


don't, II, 165. 


it 


euconus, II, 166. 


tt 


formntnt, II, 166. 


it 


grandis, III, 113. 


tt 


Hageri, II, 166. 


tt 


icosidaotylus, II, 166. 


tt 


indianensis, IT, 166. 


it 


inomatut, II, 166. 


it 


irregularis, II, 166. 


it 


Konincki, 11, 173. 


it 


lagnnoulni, II, 166. 


it 


laura, II, 166. 


tt 


lepidus, II, 167. 


tt 


longiroitria, II, 167. 


it 


Lovei, II, 168. 


tt 


mundulus, II, 167. 


U 


Naihvilla, II, 167. 


tt 


Nashvillae (var.) subtrac- 




ts, II, 167. 


tt 


pistilliformis, II, 167. 


tt 


pistillus, II, 167. 


it 


planodisous, II, 167. 


tt 


pyriformis, II, 167- 


it 


pyri/ormit (var.) rudia, II, 




167. 


t* 


quasillus, II, 167. 


II 


rotundas, II, 168. 
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Batoorinus •imilis, II, 108. 
" sinuotus, II, 168. 

" steropes, II, 168. 
" mbmqnalii, II, 166. 

" troohiscui, II, 168. 
" turbinatui, II, 168. 
" turbinatui (var.) elegant, 

II, 168. 
u urnteformii, II, 173. 

" Wachsmuthi, II, 168. 
" Whitoi, II, 169. 
" Yandelli, II, 168. 
Belemnocrinidae, III, 186, 187, 193, 212. 
Belemnocrinus, III, 187, 192, 213. 

florifer, III, 214. 
" Pourtaleii, III, 214. 

" typuB f III t 214. 

" Whitei, 111,214. 

IteUmnocrinn* (Mun. Chalmaa), III, 213. 
Belocrinu; III, 213. 

Blastoidea, I, 7, 13; II, 33; 
III, 20, 75. 

Botryoorinitoi, III, 191, 221. 
Botryoorinui, I, 97; III, 188, 191, 224. 

ooralluxn, I, 99. 

ramoiissimns, I, 99. 
Brachiata, II, 1 ; III, 77. 
Bruchiocrinu*, II, 229. 

" nodoaariun, II, 229. 

Briarocrinidtp, Anyelui, 

Briarocrinut, II, 96; III, 101. 

angustus, II, 98. 

inflatus, II, 98. 
Bursaorinui, 1,123; 111,191,252. 

oonfirmatuB, 1, 124. 

oornutus, III, 253. 

Wachsmuthi, I, 124. 
Cttcahocrinu; II, 225, 229. 

glyptu*, 1 1, 125. 

ytyplu* (var.) inter meditlt, 
II, 126. 

fniHilltHtut, II, 126. 

tiratu*, II, 126. 

muitilira, II, 126. 

*pecio»U9 f II, 126. 
Trooiti, II, 126. 
CalathocrtHH* (v. Meyer), III, 258. 
Calathocrinus (Hull), 11,146. 

althta, II, 148. 

erodut, II, 149. 

in*cutptu9, II, 149. 

Caloeocrinida, III, 192, 194, 273. 
12 
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Calceocrinui, HI, 192, 268, 278. 

artiouloini, 111,206. 
Barrandei, III, 276, 281. 
Barrisi, 111,276,281. 
Bradleyi, 111,281. 
ooryialis, 111,276,281. 
olarua, 111,276,281. 
dnctytu; III, 282. 
gotlandious, HI, 276, 
281. 
" inaquaUs, III, 206, 276, 

281. 
" nodosui, III, 282. 

perplexus, III, 281. 
radiculua, 111,276,282. 
stigmatui, 111,282. 
tunicatus, III, 275, 282. 
ventriooiua, III, 282. 
Wachsmuthi, HI, 282. 
Calliorinui, III, 135. 

beyriohianus, III, 136. 
costatus, 111,136. 
diadema, III, 136. 
koninokianut, III, 136. 
minor, III, 136. 
murohisonianua, 111,136. 
roemerianus, III, 136. 
sedgewiokianui, III, 136. 

Culliocrinut, III, 135. 

" co*<atti>i, III, 136. 

(Calocrinite*, Steininger.) 
( " emaryinatun.) 

Calpiocrinus, I, 38; III, 143. 

fimbriatui , I, 39. 

heterodaotylus, I, 39. 

humilis, I, 39. 

ovatus, I, 39. 

pyrum, I, 39. 
Calyptocrinidae, III, 127. 

Calyx, III, 6. 

Camarata, 111,6,80,84. 
Caraboorinus, 1, 143 ; III, 188, 191, 216. 
radiatui, 1, 144; 111,219. 
tuberculatum, I, 144; 

111,219. 
Vanoourtlandti, I, 144; 
111,219. 
Canistrocrinus, 111,94. 

Patterioni, III, 95. 
Biohardsoni, III, 95. 

Caryocrinus, I, 7, 9 ; III, 77. 

Carpoorinui, 11, 96, 105; III, 105. 



ti 
tt 
u 
tt 
u 
a 
tt 



u 
u 

a 
a 



tt 
tt 



u 



a 



310 



INDEX. 



u 



tt 



tt 



a 



it 



tt 



u 



« 



tt 



it 



it 



it 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



Carpoorinns affinis, II, 107. 

annnlatns, II, 107. 
oariosolns, II, 107. 
oomtus, II, 107. 
deoadaotylns, II, 107. 
elegantnlns, III, 105. 

elongatulu; III, 105. 
faretus, II, 107. 
grandis, II, 107. 
grannlatns, II, 107. 
levii, II, 107. 
longimanns, II, 107. 
ornatissimns, II, 107. 
ornatus, II, 107. 
pinnnlatns, II, 107. 
pnloheUns, II, 107. 
robuttui, II, 107. 
simplex, II, 108. 
tennis, II, 108. 
nmbonatns, II, 108. 

Ccurianocrinut, III, 258. * 
Cattanocrinut, II, 229. 
CatUlocrinid*, III, 192, 194, 267. 
Catilloorinus, III, 165, 192, 268. 

Bradleyi, III, 269, 272. 

Tennessese, III, 270, 

Waehsmnthi, III, 270, 
272. 
Ceramocrinutf III, 182. 

" ei/ft«i»i«, III, 184. 

Ceriocriniu (Koenig), III, 253. 
Cerioorinns (White), III, 191, 249, 253, 
Craigii, III, 254. 
fayettensis, III, 254. 
hemispherions, III, 254. 
inflexns, III, 254. 
planus, III, 254. 

Central or oral plate, III, 47. 

Centrocrinu* (Austin), II, 66, 67. 

Centroorinns (W. A Sp.), II, 96, 104; 

III, 102. 
multicornus, II, 105. 
pentaspinns, II, 105. 
Chtirocriuut (Eichw.), Ill, 274. 
" (Hall), III, 274, 278. 

" chrt/iah'e, III, 281. 

claru; III, 281. 
dactylu; III, 282. 
" gotlandicu; III, 281. 

nodotut, III, 282. 
ttigmatut, III, 282. 
** tunicatu; III, 282. 
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Chtirocriuut ventricotut, III, 282. 

" Waehtmuthi, UI, 282. 

Chetocrinut, III, 257, 258. 

" Sehlotheimi, III, 258. 

« Carnalli, III, 259. 

Chirocrinu; III, 278. 
Cladoerinut (Agassis), I, 43. 
Cladocrinut (Austin), I, 43. 

" brevidactylut, I, 48. 

" Egertoni, I, 48; III, 144. 

" longidactylut, I, 114. 

" macrodactylutf I, 49. 

" pentagonut, I, 121. 

" tuberculatut, II, 49. 

Classification, III, 74, 80, 81. 

Cleiocrinus, I, 35, 147 ; III, 152. 
grandit t I, 147. 
magni/ieut, I, 147. 

regins, I, 35. 
Clidochirut, I, 38, 147. 

" pyrum, I, 39. 

Clonocrimu (Quenstedt), II, 11$. 
Clonocrinui (Oehlert), II, 118. 

" Bigtbyi, II, 121. 

CoooooTinns, II, 58; III, 58, 114. 
bacoa, II, 60. 
rosaeens, II, 60. 
Codiaorinns, III, 191, 231, 228. 

" grannlatns, III, 228. 
Coelioorinus, I, 63, 131; III, 191, 244. 
oariniferns, I, 133; III, 

245. 
dilatatns, 1, 133 ; III, 245. 
tyra,I, 133; III, 245. 
■nbspinosns, 1, 133 ; III, 

245. 
tessellatns, III, 245. 
▼entricosns, I, 133; III, 
245. 

C(xlocrinu$, II, 176. 

" concavM, II, 179. 

Column, I, 14; II, 36. 

Compnocrinut, III, 104. 

" Barriii, III, 104. 

Condylocrimttf II, 220. 

" verrucotu*, II, 220. 

Conocrinitet, II, 113, 229. 
Leae, II, 229. 
tuberculotM, II, 229. 

Consolidating plates, I, 12; 
111,117. 

Cophinu; II, 229. 
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Cophinut dubiu*, II, 220. 

Cordylocrinus, II, 58, 60; III, 115. 
oomtes, II, 60. 
parvus, II, 60. 
plnmosus, II. 61. 
ramnlosus, II, 61. 
Coronocrinuit II, 222. 

" polydactylut, II, 229. 

Corymbocrimdm, III, 107. 
Corymboorinus, II, 134; III, 106. 

" oorolliferus, III, 108. 

" grandis, III, 108. 

" grandistellates, III, 

108. 
" lavis, III, 108. 

" Pandere, III, 108. 

" polydactylua, 111,108. 

Cotyledonoorinut, 11,77,58; 111,115. 
" pentalobus, II, 78. 

Covering plates or Saumplatt- 

chen, III, 59. 

Cremacrinid*, III, 277. 
Cremacrintu, III, 277. 
Crinoidea, III, 75, 79. 
Cromyoerinns, 1, 133, 147 ; III, 191, 246. 
" geminates, I, 138; III, 

248. 
" globosns, III, 248. 

globnlaris, III, 248. 
gracilis III, 249. 
nnoiformis, III, 248. 
ornates,I,138; 111,248. 
papillates, III, 248. 
" sangamonensis, III, 

248. 
" simplex, III, 247, 249. 

Crotaloorinidae, III, 141, 143, 145. 
Crotaloorinus, III, 142, 145. 

" puloher, III, 150. 

rugosus, III, 146, 149. 
superbns, III, 150. 

CruHienmcrinifw, II, 230. 

" ovali*, 11,230. 

Ctenocn'nu*, II, 118, 230. 

" bninbridgen*it, II, 121. 

decndactylut, II, 121. 
Iftmellotm, II, 230. 
" notatue, II, 230. 

" punrtatui, II, 230. 

n *te/lari$ t II, 122. 

" typn», II, 222. 

Cnliooerinns, II, 58, 61 ; III, 114. 
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Culieoorinus nodosns, II, 62. 
CupelUcrinu*, II, 63, 230. 

Buchii, II, 230. 

currugatut, II, 230. 

iujlatut, II, 230. 

l*vi; II, 230. 

magnificut, II, 230. 

pentagonalit, II, 230. 

ro0tt/ormi» t II, 230. 

•tellatnt, II, 230. 

$triatu$, II, 230. 

Cnpressoerinidse, III, 155,158, 176. 
Cnpressoerinus, III, 165, 176. 

abbreviates, III, 181. 
abbreviates (var.) 

alto, III, 181. 
abbreviates (var.) 

granulosa, III, 181. 
abbreviates (var.) 

hybida, III, 181. 
abbreviates (var.) 

minor, III, 181. 

calyjr, III, 181. 

orassns, III, 181. 
dubiuM, III, 181. 
elongates, III, 182. 

(jeroUteiuen»i$, III, 182. 

gracilis, III, 177, 182. 
hieroglyphions, III, 

182. 
impre$9U0 t III, 181. 
inflates, III, 182. 
nodoitu, III, 181. 
nuci/ormit, 1, 139, 147. 
pentaporutf III, 181. 
pritmatictu, III, 182. 
pyramidalit, III, 181. 
soaber, III, 182. 
Schlotheitnii, III, 181. 
teren, III, 181. 
(te**eratH*f Gold., 

column*.) 
trtmgonn*, III, 181. 
Urogalli, III, 181. 

Cupnloerinns (d'Orb.), II, 221. 

" heterooostalis, II, 221. 

( " tuberculatu* = Tuxocr. tu- 

berculatum). 
Cyathoerinidse, 1, 9, 12, 59, 62 ; III, 186, 

188,193,215. 
Cyatboorinites, III, 191, 225. 
Cyathoerinns, 1,79, 147; III, 21, 191, 

225. 
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Cyathocrinut 


abbreviatus, I, 147. 


u 


aeinotubua, I, 85. 


tt 


angulatu§ (Billings), I, 




85; III, 225. 


tt 


angulattu (M. and W.), 




1, 102, 147. 


tt 


alutaceui,I,85;III,22. 


II 


arborenj, I, 85. 


It 


arthriticut, I, 91. 


it 


Barriti, I, 85. 


it 


barydaetylnj, I, 85. 


tt 


bulbonu, I, 93. 


it 


bullatus, I, 102. 


it 


buna, I, 85. 


It 


oalearatua , I, 85. 


it 


capillar!!, I, 85. 


tt 


conglobatuif I, 147. 


it 


coniont, I, 85. 


tt 


oora, I, 85. 


it 


eomutuM, 1, 102. 


it 


corollifenu, III, 108. 


it 


corrugatus, I, 148. 


( 


orawfordavilleniis, 




Miller), perhaps Pa- 


w 


risocrinu*. 


it 


crastibrachiatn; I, 102. 


tt 


cra§*u» t 1, 138. 


tt 


erateriformUf I, 148. 


tt 


decadactylus, I, 117. 


ti 


decaphyllu*, I, 148. 


a 


depre»«tu, I, 148. 


tt 


dittans, I, 148. 


u 


distortua, I, 85. 


tt 


diatenanj, I, 85. 


tt 


divaricatus, I, 86. 


u 


dubiut, I, 148. 


it 


dndleyensis, I, 85. 


u 


ellipticuB, I, 148. 


tt 


enormia, I, 85. 


a 


exilit, I, 148. 


tt 


Farley!, I, 85. 


it 


fatciatu*, I, 85, 148; III, 




225. 


*t 


floreali; I, 128, 148. 


u 


foveolatut, I, 148. 


tt 


fragilia, I, 85. 


tt 


geometricui, I, 85; III, 




226. 


tt 


011681,1,86; 111,21. 


tt 


glaber, I, 86. 


it 


ylobotua, I, 148. 


tt 


goniodactyluM, I, 86 (per- 




haps Gissoorinas). 



Cyathocrimis go§m t I, 148. 

graeilit, I, 148. 
gracilior, I, 119. 
granulatut, I, 93. 
granuli/truSf I, 148. 
yraphicut, III, 225. 
hamiltonenM$ f III, 225. 
Harriii, III, 225. 
Harrodi, I, 86, 87. 
Hoveyi, I, 102. 
Hoveyi (var.) herculeui, 

I, 102. 
inequidaetylue, I, 148. 
incipient, I, 86. 
inouryatut, I, 86. 
infiatu* t I, 148. 
inflexue, III, 254. 
iniperatns, III, 226. 
interbraehiatue, I, 50. 
intermedin, I, 115. 

iowensit, I, 86; III, 22, 

189. 
Kelloggi, I, 102, 148. 
Iseviculue, I, 120, 148. 
lavit, I, 86. 
lamellosuB, I, 86. 

. latve, I, 103. 

longimanut, I, 86 ; III, 

189. 
Lyoni, I, 96. 
maeroekeirue, 1, 148; III, 

237. 
itiacrodactylue, I, 49. 
ntacropUuru*, I, 96. 
magieter, 1, 102. 
magnolia formit, I, 148. 
malvacene, I, 86. 

mammillarif, I, 86. 
manehalleniit, 111,226. 
megattylue, I, 148. 
Hilleri, III, 226. 
monilifer, I, 86. 
multibrachiatus, I, 86 ; 
III, 22. 

motions, I, 86. 
noduloeue, 1, 148. 
NlfcfcfM, III, 225. 
ornatieeimue, Linkham), 

undeterminable. 
ornatue, I, 86. 

parvibraohiatua, I, 87. 

penniger, I, 148. 
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yerinv 


i« pentagonue, Goldf.), col- 


Cyathocrinu* tricarinatue, I, 149. 




umns. 


a 


tuberculatum, I, 49. 


tt 


pentalobua, I, 138. 


tt 


tumidus, I, 103. 


ti 


pinnatue (Goldf.), 1,148. 


tt 


valene, I, 96. 


tt 


pinnatue (Bronn), I, 148. 


tt 


Van Hornet, III, 226. 


u 


planus, I, 87. 


a 


variabilis, I, 149. 


u 


polyxo, I, 87, III, 225. 


a 


viminalie, I, 86. 


n 


poterium, I, 87. 


tt 


Wachttnuthi, I, 104. 


tt 


protuberant, I, 102. 


tt 


waldroneneie, III, 101, 


u 


pulohellnt, I, 87. 




225. 


tt 


pulcher, III, 150. 


a 


Waukoma, I, 87. 


tt 


ptimllus, I, 40. 


tt 


Wortkem, I, 121. 


tt 


pyriformie, I, 35. 


a 


lonatus, I, 87. 


tt 


quinquangularia, I, 115. 


Cypellocrinitee, III, 176. 


tt 


quinquelobnt, I, 103. 


Cypreuocrinitee, III, 176. 


tt 


raa'iatu$, I, 87. 


tt 


crcr««tf«, III, 181. 


tt 


ramosns, I, 87. 


Cyrtidocrinus, 1, 145; III, 141, 144. 


tt 


rarue, I, 149. 


tt 


fasoiatus, I, 145; III, 


tt 


rkenanue, I, 49. 




144. 


tt 


rhombiferui, I, 87. 


Cyitocrinu; 


II, 230. 


tt 


rigidus, I, 87. 


tt 


tenne—eenei*, II, 230. 


a 


robuttui, 1, 149. 


Cytocrinue, 


II, 118, 230. 


a 


Roemeri, 1, 149. 


tt 


l*vi; II, 122. 


tt 


rotundatut, I, 87. 


Dactylocrinue (Quenst.), Ill, 233. 


tt 


rvgotu* (Goldf., not Mil- 


Dactylocrinu* (Sladen), III, 233, 237. 




ler), columns. 


u 


i»acobv», III, 233. 


u 


m^o»w«(Miller),III,149, 


a 


loreu; III, 233, 238. 




150. 


a 


rottratutf III, 233. 


tt 


Saffordi, I, 87. 


tt 


tenuie, III, 233, 238. 


tt 


tangamonensit, I, 138; 


Dadoorinni 


I, III, 258, 260. 




III, 247, 248. 


u 


gracilis, III, 261, 262. 


tt 


tcitulue, I, 103. 


a 


Knnisohi, III, 261, 262. 


a 


ecrobiculatus, I, 41. 


Dttmonocrinitet, II, 230. 


a 


•culptilis, I, 103. 


DecadactylocrinUt, II, 230. 


tt 


eculpttu (Troost), 1, 149. 


Deoadoerinus, 1, 109, 119; III, 191, 238. 


tt 


ecufptut (Lyon), I, 96. 


tt 


agina, 1, 1 19. 


u 


tolidut, I, 103. 


u 


bayemit. 1, 119. 


tt 


ipuriut, I, 103. 


it 


columbiensis, III, 239. 


tt 


ttellatut, I, 103. 


tt 


deprestus, 1, 119. 


tt 


•tillativTU, III, 22ft. 


u 


diffusus, 1, 119. 


a 


itriatus, I, 87. 


it 


flsoellus, 1, 119. 


a 


striolatus, I, 87. 


tt 


fountainentis, III, 239. 


it 


subtumidus, 1, 103, 149; 


it 


gracilior, 1,119. 




III, 224, 226. 


tt 


gregarhu, III, 239. 


t. 


tenntnetnsi*, I, 149. 


tt 


Halli, 1, 119. 


tt 


tenuibrachiatue, 1, 149. 


tt 


jnvenit, 1, 119. 


tt 


tenuiradiatue, I, 149. 


it 


lyriope, 1, 119. 


tt 


tenuidaotylnt, I, 87. 


it 


Xilleri, III, 239. 


tt 


te9$eracontadactylu* t II, 


it 


nyoteus, I. 119. 




107. 


a 


penicilliformis, ITT,239. 


tt 


Thorn*, I, 103. 


il 


pleiai, 1, 119. 


it 


(tiargrformie, Trooet), cat- 


It 


soalaris, 1, 120. 




alogue name. 


tt 


Stimpsoni, I, 119. 
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Decadocrinus subtortuosus, 1, 120. 

lethus, III, 23ft. 
Deltacrinu*, III, 277. 
Dendrooriuites, III, 191. 
Dendrocrinus, I, 62, 66, 75; III, 191, 

192. 
" acutidactylus, I, 76. 

" alteraatus, I, 76. 

" anciila, III, 220. 

" angulatus, III, 219. 

u angustatus, I, 76. 

" caduceut, I, 76. 

" Casei, I, 76. 

" cincinnatiensis, I, 76. 

" conjugans, I, 76. 

" oylindrious, I, 76. 

" Dyeri, I, 76. 

" errationj, III, 220. 

" gracilia, I, 76. 

" gregarins, 1, 76. 

" Jewetti, I, 76. 

" hnmilis, I, 76. 

" latibrachiatus, I, 76. 

" longidactylus, I, 76. 

" navigiolum, III, 220. 

" nucUu; III, 220. 

" oswegoensis, I, 77. 

" polydactylus, I, 77. 

*' posticus, I, 77. 

" proboscidiatus, I, 77. 

" retractilis, IT I, 220. 

" rustious, I, 77. 

" similis, I, 77. 

" taner, I, 77. 

De»midocrimdm % II, 108. 
Desmidocrinus, II, 96, 108; III, 105. 
" heterodactylus, 11,108. 

" maorodaotylns, II, 1 09. 

" pentadactylus, II, 109. 

" tridaotylus, II, 109. 

Diohocrinus, II, 58, 81, 230; III, 119. 
" angustus, II, 83. 

" oonstrictus, II, 83. 

" oonus, II, 83. 

" eornigerntf II, 87. 

" coxanus, III, 120. 

" orassitestus, II, 83. 

" diohotomui, II, 83. 

" elegana(DeKon.£Leh.), 

II, 83. 
" el eg an s (Cass, and Lyon), 

II, 87. 
" elongatus, II, 83. 



u 



Diohocrinus expaniui (De Kon. and 

Leh.), II, 83. 

" eay>an«««(M.AW.),II f 84. 

" flout, II, 83; III, 120. 

" fusiformis, II, 83. 

" granulosus, II, 84. 

" hamiltonensit, III, 120. 

" innlari; II, 80. 

intermedins, II, 84. 
" irregularis, II, 84. 

" laehrymotus, II, 230; 

III, 119. 
" trn's, II, 84. 

lineatut, II, 84. 
" liratus, II, 84. 

" ornatus, II, 84. 

" ovatus, II, 84. 

" pisum, II, 84. 

*' plicatus, II, 84.- 

pooillum, II, 84. 
" polydactylus, II, 84. 

protuberant, II, 91. 
" radiatut, II, 84. 

" scitulus, II, 84. 

*' sculptus (De Kon. and 

Leh.), II, 84. 
" $culptut (Lyon and Cass.), 

II, 84. 
" teptuonu, II, 230. 

" $exlobatu$, II, 87. 

" simplex, II, 84. 

" striatus, II, 85. 

" lymmetricvt, II, 87. 

{Dictuocrin\te$ Conrad), undeterminable. 
(DictyoainuM Hall), undeterminable. 
( " tqvami/er). 

Digestive organ, II, 34. 

(Dimerocrinidit Zittel,) 
Dimeroorinus, II, 184, 197, 231; 

III, 101. 

" aptili; III, 144. 

" decadaotylus, II, 199. 

" icotidaetylut, II, 197. 

" immaturua, II, 199. 

" liUiformis, II, 199. 

" oliaoptilut, II, 231 ; III, 

144. 
" waldronensis, III, 101. 

Dimorphocrimu, II, 231; III, 159. 

" pentangular**, II, 231. 

Disk (ventral), III, 6, 27. 

Dolatocrinui, II, 96, 124; III, 105. 
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Dolatoerinns glyptna, II, 125. 


Enallocrinus punctatus, III, 152. 


ft 


" (var.), interme- 


tt 


senptus, III, 152. 




dial, II, 126. 


Enorinida, III, 186, 192, 194, 257. 


tt 


laone, H, 126. 


(Encrinoidea Austin.) 


ti 


lamellosus, II, 126. 


Enorinna, III, 192, 230, 258. 


ti 


liratne, II, 126. 


« 


aculeatus, III, 259. 


it 


" (?ar.) mnltilira, 


(i 


Beyrichi, III, 258. 




II, 126. 


a 


Brahlii, III, 259. 


tt 


Marahi, II, 126. 


tt 


Carnalli, III, 259. 


a 


ornatus, III, 105. 


( " 


dubius.) 


it 


apeoioana, II, 126. 


( " 


entrocha.) 


it 


triadactylne, III, 105. 


( " 


gracilis. ) 


ti 


Troosti, 11, 126. 


tt 


Greppini, III, 259. 


Doliocrinus, II, 231. 


u 


liliiformia, III, 260. 


Donacicrinites, II, 231. 


tt 


moniliformis III, 260. 


u 


•implex, II, 231. 


ti 


pentactinus, III, 260. 


Dorycrinus, II, 96, 176; III, 114. 


tt 


Scnlotheimii, III, 260. 


u 


canalioulatus, II, 179. 


Epactocrinus, III, 182. 


a 


ooncavus, II, 179. 


tt 


irregularis. III, 184. 


tt 


oornigerua, II, 179. 


Eretmoorinus, II, 96, 170; III, 113. 


a 


deeornis, II, 179. 


tt 


adultus, II, 175. 


a 


desideratum, II, 179. 


tt 


attenuates, II, 172. 


a 


diva Heat us, II, 179. 


tt 


oalyouloides, II, 172. 


it 


Gonldi, II, 179. 


a 


oarioa, II, 172. 


a 


Kelloggi, II, 179. 


n 


olio, II, 172. 


a 


lineatus, [II, 114. 


a 


ololia, II, 173. 


a 


mississippiensis, II, 179. 


a 


oorbulis, II, 1 73. 


a 


" (var.) 


it 


oorouatus, II, 173. 




spiniger, II, 179. 


tt 


gemmiformia, II, 173. 


tt 


missouriensis, II, 179. 


tt 


intermedins, II, 174. 


a 


parvus, II, 179. 


tt 


Koninoki, II, 173. 


u 


precursor, II, 179. 


tt 


lenoosia, II, 173. 


tt 


prumieusis, II, 179. 


ti 


magnifiona, II, 173. 


a 


quinquelobus, II, 179. 


tt 


matuta, II, 173. 


tt 


intermedins, II, 180. 


tt 


negleotns, II, 173. 


a 


Eoemeri, II, 180. 


tt 


originarina, II, 174. 


tt 


spinosulus, II, 180. 


a 


ramnlosns, II, 173. 


a 


subaculeatus, II, 180. 


tt 


remibraohiatna, II, 173. 


t« 


subturbinatus, II, 179. 


a 


urnxformis, II, 173. 


a 


tymmetricuty 11, 179. 


tt 


carsouviensis, III, 113. 


u 


nnioornns, II, 1 80. 


ti " 


vernenilianns, II, 173. 


a 


unispinus, II, 180. 


Erisoorinites, III, 191. 


Eohinodermata, III, 78. 


Erisoorinus, I, 63, 139; III, 187, 191, 


Echinus du 


bius, II, 231. 




230. 


Edriocrinui, III, 192, 266. 


a 


antiqnns, 1, 141. 


a 


pooilliformis, III, 266. 


it 


oonoideus, 1, 141. 


n 


pyriformis, III, 266. 


tt 


nebraaoenais, 1, 141. 


tt 


saoeulus, III, 266. 


n 


planus, III, 254. 


Edicardsoc 


Hnus, II, 66. 


a 


typns, 1, 141. 


a 


ornatus, II, 73. 


a 


tuberculatut, I, 139. 


Enallocrin 


id*, III, 141. 


u 


Whitei, I, 141; 111,255. 


Enallocrinus, III, 151. 


Eucalyptocriuidsr, III, 93, 127. 


a 


assulosus, III, 152. 


Euoalyptoorinus, III, 127. 
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tt 



ti 



tt 
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tt 



Eucntyptocrinm armosug, III, 134. 

ohloagoensis, III, 

133. 
ocelatus, III, 133. 
conicut, III, 128. 

oonstrictus, III, 133. 
cornutui, III, 133. 
orassus, III, 133. 
deooratus, III, 133. 
deoorus, III, 133. 
depressus, III, 133. 
Egani, III, 133. 
" excavatu*, III, 133. 

" ' excellentissimus, 

III, 133. 
" extentut, III, 128. 

gibhoaut, III, 128, 

Goldfu«9i, III, 128. 

granulatus, III, 133. 

!mru, III, 128. 

magnus, III, 133. 
minor, III, 133. 
" Nanhvill*, III, 128. 

obconioui, III, 133. 
ornatus, III, 133. 
ovalis, III, 134. 
ovatos (Angl.), Ill, 

134. 
«« ovatu* (Hall), 111,134. 

papulosus, III, 134. 
J>hillip*ii, III, 128. 
plebejus, III, 134. 
polydactylu», III, 108, 

134. 
proboscidalis, III, 

134. 
" ramifer, III, 134. 

" regularis, III, 134. 

rigena, III, 134. 
roiaceus, III, 134. 
rotundus, III, 134. 
speoiosus, III, 134. 
splendidus, III, 134. 

Tenne«*eie, III, 128. 

tuberoulatus, III, 

134. 
turbinates, 111,134. 

Eucheirocrinu; III, 272. 
Eucladocrinus, II, 58, 76 ; III, 115. 

" millebrachiatus, II, 77. 

" montanaensis, II, 77. 

" pleuroviminus, II, 77; 

III, 115. 
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ti 
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(Eucrinidte, Angelin). 
Eucrinoidea, II, 1 ; III, 75. 
Eucrinus, II, 184, 196 ; III, 101. 

ioosidaotylui, II, 197. 

interradialis, II, 197. 
" lams, II, 197. 

minor, II, 209. 

ornatus, II, 197. 
quinquangularis II, 197. 
quinquelobui, II, 197. 
speoiosus, II, 197. 
venwtut, II, 209, 231. 
Eugeniacrinitei hexagonut, II, 75. 

" tnetpiliformi*, III, 159, 

162. 
( " cogtattu). 

( " hexagonu*), a single plate. 

( " pygmeut). 

Eupachyorinns, 1, 63, 133 ; III, 191, 246. 

asperates, III, 249. 
Sassetti, I, 138; III, 
245. 
" Boydii, 1, 138; 111,245. 

<7rat>«,I,138;III,254. 
orassus, 1, 138; III, 
249. 
" fayettentit, I, 138; III, 

254. 
" formosus, 1, 138; III, 

249. 
" geminahu, I, 138. 

gtrmaniu, III, 249. 

gracilis, III, 249. 

globularit, I, 138. 
maniformis, III, 249. 
Moorei, III, 249. 
monroensiB, III, 249. 
orbicularis, 1,138; III, 

249. 
" ornatus, I, 1 38. 

platybasalis, I, 138; 

III, 249. 
quataor-deoem-braoh- 

ialis, I, 138; III, 

249. 
" taiigamonennK, I, 138; 

III, 247, 249. 
timplex, I, 138. 
spartarius, III, 249. 
nibtumidtu, 1, 139; III, 

249. 
" tuberoulatuB, I, 139; 

III, 249. 
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Eupaohyorinuf verrucosus, f, 1 39 ; III, 

249. 
EuryalecrinuB, I, 149. 
Euryocrinu*, I, 33. 

" concavii*, I, 84. 

EuipiroorimiB, 1, 143; III, 188, 219. 

" spiralis, T, 143. 

Pistillate, HI, 81,83,186. 
Flabellocrintu, III, 258. 

Forbesiooriiras, I, 43, 51. 

" Agassisi, 1, 45, 52 ; III, 

236. 
" Agattiti (var.) gigan- 

teun, I, 62. 
otter i»formxM t I, 54. 

oestriensis, I, 52. 

communitf I, 48. 
divaricatui, I, 149. 
Giddingei, I, 48. 
incurvtUf I, 48. 
juvenia, I, 49. 
Kclloggi, I, 49. 
lobatut, I, 49. 

" .(var.) tardu* f 
1,49. 
ilfeefct, I, 49. 
Ifilleri, I, 53. 
monroen«i«, I, 55. 
multibrachiatvt, I, 49. 
nobilis, I, 52, 144. 
Norwood {, I, 55. 
nwitiu*, I, 49. 
obettLH, I, 149. 
parvus, III, 145. 
Pratteni, II, 122, 231. 
ramulotut (Lyon), I, 55. 
" (Hall), I, 49. 

robuntni, I, 149. 

Saffordi, III, 145. 
ithumardiauHM t I, 49. 
Thiemei, I, 49. 

" (va,r.) npinifer, 
I, 49. 
Whitjieldi, I, 49, 149; 

III, 145. 
Wortheni, I, 52. 
Gasterooomidas, III, 155, 158, 182. 
Gastoroooma; III, 182, 184. 

" antiqua, III, 184. 

" gibbosa, III, 184. 

Mulleri, III, 184. 
" retioalarii, III, 184. 

" stellaris, III, 184. 
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Gcturocrinut, III, 94, 99. 

angularity III, 100. 
cognatnt, III, 94. 
magnifies, III, 94. 
( " Nealli) =Reteocr.O'Nealli. 

" tplenden; III, 101. 

Genn»ocriniis, II, 96, 160 ; III, 113. 
" calypso, II, 161. 

" Casscdayi, II, 161. 

" ©anliculus, II, 161. 

" euoharis, II, 161. 

" kentuokieiisis, II, 161. 

" nyssa, II, 161. 

" pooillum, II, 162. 

Geocrintu, II, 128, 231. 

44 moniliformii, IT, 132. 

Gilbertiocrinu*, II, 184, 213, 231. 
" buna, II, 219. 

" ealcaratu; II, 219. 

" JUcellMy 11,219. 

" mammillari; II, 219. 

" limplejc, II, 219. 

Gisioorinus, I, 62, 89; III, 191, 227. 
" arthriticus, I, 91. 
" elegans, I, 91. 
" maorodaotylus, I, 91. 
" nudus, I, 91. 
" punotuosus, I, 91. 
•' tubulatus, I, 91. 

" umbilicatus, I, 91. 

Glo*terocrinu9, II, 231. 

" elongatus, II, 231. 

GlyptesteridBB, III, 89, 92, 99. 
Glyptaster, II, 184, 193; III, 101. 
" armosui, II, 196. 

" braohiatus, II, 196. 

Egani, III, 101. 
" inornatus, II, 196. 
" oooidentalifl, II, 196. 
" oooidentalifl (var.) orebes- 

oens, III, 101. 
" pentengularis, II, 196. 

Gtyptatteritc; [I, 184. 
Glyptocrinida, II, 181 ; III, 84. 
GtyptocrinitC9 f II, 182. 
Glyptoorinus, II, 184, 185; III, 102. 
" annularis, 11,188; III, 

100. 



tt 

tt 

tt 



argutus, III, 102. 

armo&ut, II, 231. 

Baeri, II, 193, 231; III, 

96. 
basalis,II,231;III,103. 
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Gtyj>tocrinu9 CarUyi, II, 116. 
cognatua, II, 193. 

dooadaotylns, II, 188. 
Dyeri, II, 188. 

Jjyeri (var.) gubglobotn*, 

II, 231. 
expantv*, II, 203. 
fimbriate, II, 108. 

Formheili, II, 188; III, 
103. 

" globularis, III, 103. 

gracilis, II, 231. 
Harriti, III, 104. 
lacutioiiu, II, 190. 
libanut, II, 232. 
marginatu*, II, 190. 

miamienais, III, 101. 
nobilis, II, 189. 
O'Nealli, II, 232. 

ornatas, II, 189. 

parvus, II, 189; III, 

100. 
Patttrtoni. Ill, 95. 
plumontt, II, 232. 
prttctM, 11,189; 111,301. 
quinquepartitut, II, 232. 

ramulosuB, II, 189. 
ttichardsoni, II, 232; III, 

95. 
" soulptaa, III, 104. 

Shafferi, II, 189 ; III, 103. 
Shufferi (var.) germauui, 

II, 189; III, 103. 
at'photiatut, II, 196. 
•tellari; II, 193. 
•ubglobosui, II, 189. 
»ubnodo$u9 f II T, 99. 

Gnorimoorinui, I, 50 ; III, 145. 

Austin!, 1, 50. 

distensui, I, 50. 

exoavatai, I, 50. 

expanins, I, 50. 

interbraohiatus, I, 50. 

Loveni, I, 50. 

oblongatus, I, 51. 

ovalis, I, 51. 

pnnotatas, I, 51. 

rigens, I, 51. 

Salteri, I, 51. 

tubuliferas, I, 51. 
Gonia»terotdocrinnt t II, 213. 

JUcellu§, II, 219. 
obovntu$, II, 219. 
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Goniaattrvtdttcrinu* temuiradiatut, II, 

219. 
" tuberonu, II, 219. 

GrammocriuHt, I, 150. 

" clathratutj I, 150. 

" lintatu*, I, 150. 

Graphioorinitei, III, 191. 
Graphioorinns, I, 62, 121, 150; III, 187, 

191, 252. 
" oarbonarini, 1, 123. 

" daotylns, 1, 117, 150. 

" onorinoides, 1, 123. 

" MoAdamii, 1, 123. 

" qnatuor-dooem-braohi- 

ataf, I, 138. 
" radii, 1, 123. 

" simplex, 1, 123. 

" ipiuobrachiatui, I, 1 23 ; 

III, 236. 
striatal, 1, 123. 
" tortuosns, 1, 123. 

" Waohsmnthi, 1, 123. 

Growth and Paleeontological 
development, II, 38. 

Habrocrinidx, II, 105. 
Habt'ocrinut, II, 105. 

annulate*, TI, 107. 

cariotulus, II, 107. 

comtus, II, 107; III, 300. 

decadactyhit, II, 107. 

grandis, II, 107. 

granulatu*, II, 107. 

Unit, II, 107. 

longimanu*, II, 107. 

omatiwimu; II, 107. 

omatui, II, 107. 

pittnulatut, II, 107- 

robuttus, II, 107. 

tenuis, II, 108. 

umbonatu*, II, 108. 

Hndrocrintu, II, 222; II T, 
105. 

diions, II, 222. 

peutngontiM, II, 222. 

pleniiiimui, II, 222. 
Halocrinite; III, 177. 

" ScA/ofAetWt, III, 181. 

Hatyniocrinut, III, 277. 

Haploorinida, II r, 154, 157, 158. 
Haploorinw, III, 156, 159. 

annular**, III, 159. 

Olio, III, 162. 
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Haplocrintu gnnttam, lit, 182. 

" granular,, III, 159. 

" krmitffkeiirixr. III, 15B. 

" maxim**, m, 1W. 

" meipiliformii, III, 16!. 

" «.«j.>iVe, 111, 159. 

«*(.„, III, 159. 
'• tpkmviduu, III, 162. 

■telLrij, III, 182. 
Harmearh—, II, 98, 132. 

hmgimam,,, II, 98. 
Herpctoeri™,, I, It. 
H*Mroorlnid», III, 1SS, 18T, 192, 20.1, 

SOS. 
Heltrocrinn, (Trui), III, 205. 

HaUrMrinai (Hull), I, 68, 150; III, 
187,203,205. 
" arbWotu, I, 70; 111,208. 

" MlrlUtiuim, III, 208. 

" uudtnitl, I, 150; III, 

205, 200. 
" romttrieh*, I, 70 ; 111,209. 



M, I, 7 



. I, ?2» 



; III, 



iumqunli., I, 70; 111,200. 
lu.mu, I, 73, 150. 
jumi; 1.70; 111,204. 
Im; I, 70; 111,208,209. 
Millrri, 111,205. 
n*i»l«, III, 209. 
prutogoHHt, HI, 208. 

jwfyara, I, 72. 

■implax, 1,70; III, 205, 



2I«. 



r, 72; [11,206. 



" mmi, I, 70. 

1'm.jw/i, 111,205. 

H«XMrinid«, III, 93, 116. 

HvtacrMf, II, 58, 78. 
Honoring!, II, 78, 131; III, MS. 

" uuglyptiout, II, 79. 

bMM, II, TV. 
" bresii, II, 79. 

" BuohU, II, 80. 



Hazurinu rallotni, II, 80. 

" ooiUtni, II, 80. 

II, 232. 






', II, 2 



I, It, 232. 
" reH.narw, II, 81. 

" alMgatU, II, 80. 

" mnuii, II, 232. 

" ■xHolptni, II, so. 

/HttBm, 11,131. 

" gTinnlifems, II 80. 

" inWrio»pnlari«, II, 80. 
" ImI, II, 80. 

" limbatai, II 80. 

lobtttoi, II, 80. 
" muroUtai, II, 80. 

"(to, H, 232. 
" minor, III, 110. 

" nodifsr, 11,81, 

Htdigtr, II, 2.12. 
" onutu, 11, St. 

" piterieformis, II, SI. 

" pyriformii, II, Bl. 

" ipinoiui, II, 81. 

■Mllarii, II, 81. 
" trindiatsi, It, Bl. 

" TBntriOMBI, 1,81. 

" Verruooiui, 111,116. 

" Wnjlumathi, III, lie. 

Holocrinui, III, 187, 215. 

Sajrioht, III, 215. 
( Rm mml rm rt M m, i—O l a. 
Homalocrinue, I, 35; III, 1*3. 

" p»r»b«»ilii, I, 35. 

Homoorinni, I, 62, T7; III, 191, 192. 
195, 220. 
•noills, III, 220. 
flitfiwlafiw, I, 76. 
anrtoi. III, 191, 220. 
oylindriou, I, 78. 
davisflnus. Ill, S2n. 
rf.pfi.ln.. Ill, 197. 

fuiiformii, I, 78. 
nanu, I, 78. 
notUlrotluuitu, III, 220. 
nnolani, III, 220. 
paxrai, I, 7B. 

Polydactyly: I, 77. 

polyio, III, 220. 
probofeldUUi, I, 79. 
•oop«rin«, I, 79. 
HoplMrlan*, III, 180, 196, 197, 198. 
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Hoplocrinua dipentaf , III, 197, 198. 
Hybocrinid», III, 186, 192, 195. 
Hybocrinns, I, 62, 74, 150; III, 186, 

195, 198. 
" oonieus, I, 74. 

dipenta; III, 195, 197,198. 
incurvu$ t I, 73. 

" pristinus, I, 75. 

" tumidns, I, 75. 

Hybocystites, III, 186, 199. 

" problematicus, III, 203. 

Hydreionoorinus, I, 62, 129, 150; III, 

191,245. 
" aoanthophorns, I, 

131. 
" armiger, 1, 131 ; III, 

245. 
" calyx, 1, 131. 

" depressus, 1, 131 ; 

III, 245. 
" disous, 1, 131. 

" globulari; I, 138; 

III, 245. 
" granulosus, 1, 131. 

muorospinus, 1,131. 
phillipsianus, 1, 131. 
sooticus, 1, 131. 
verruoosus, I, 139; 
III, 249. 
" Wetherbyi, III, 245. 

" woodianus, 1, 131. 

Hydriocrinut, I, 112, 104, 150. 
" pusillut, I, 113. 

Hydrospires, I, 8-13; II, 32. 

Hypanthocrinu*, III, 127. 

" ccelatu*, III, 133. 

" decorut, III, 133. 

" granulatu*, III, 133. 

" minor, III, 133 

« regular**, III, 134. 

(Hypocrinu* Bey rich.) 
Hytricrinua, III, 116. 

" Carpenteri, III, 119. 

" ithacengit, III, 119. 

IohthyoorinidsB, I, 33, 150; III, 141, 

142, 143. 
Ichthyoerinus, I, 33, 150; III, 143. 

" arthriticu; III, 143. 

" burlingtonensis, I, 34. 

" capillar**. Ill, 143. 

" olintonensis, I, 34. 

" oorbii, I, 34. 
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Ichthyocrinu* goniadactylu*, III, 143. 

gotlandious, I, 34. 
intermedins, I, 34. 
lams (Conrad), 1,35. 
Itevit (Angelin), I, 34. 
nobilis, I, 35. 
pyriformis, I, 35. 
simplex, I, 35. 
subangularis, I, 35. 
tiaraBformis, I, 35. 

tesseracontadactylus, II, 
108. 
Icoridactylocriuitet, II, 185, 232. 

Inadunata, III, 6, 80, 83. 
Inarticulata, III, 69, 190. 

Interaxillary plates, II, 13; 

III, 15. 
Interbrachials, I, 28 ; III, 15. 
Internal cavity, II, 25. 
Interradials, 1, 27 ; II, 11 ; III, 

15,38. 
Interradial plates in An ted on 

larva, III, 26. 

Ioerinus, I, 62, 70 ; III, 203. 

« crassus, I, 72 : III, 206. 
polyxo, I, 72. 

suberassus, I, 72; III, 206. 
trentonensis, III, 210. 
Lageniocrinus, III, 175. 

" seminulum, III, 175. 

Lampterocrinus, II, 184,199; HI, 101. 

inflates, II, 201. 
parvus, III, 101, 

tennesseensis, II, 201; 
III, 101. 
Larviformia, III, 81, 83, 154. 
Leoanoorinus, I, 39; III, 143. 
Billingsii, I, 40. 
oalyeulus, I, 40. 

elegant, III, 144. 
Uevi; III, 144. 
maoropetalus, I, 37, 40. 
ornatus, I, 40. 
pisiformis, HI, 227. 
pusillus, I, 40. 
Boemeri, I, 40. 
timplex, I, 35. 

8eyei f III, 143. 
Lecythioorinus, III, 191,228. 

Adamsi, III, 228. 
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Leoythioorinus ollioulaeformis, III, 

228. 
Leoythoorinus, I, 62, 88; III, 141. 

briareus, I, 89. 

eijlianu*, I, 89. 

Leptoorimii, III, 105. 

" raridigitatus, III, 105. 

Lithocrinus, I. 52; III, 145. 

divarioatus, I, 53. 
Milleri, I, 53. 
obesas, I, 53. 
robastas, I, 53. 
Lyrioorinus, II, 184, 203: III, 99. 
dactylus, II, 205. 
melissa, II, 205. 
tculptui, III, 98. 
nulptili* (Hall), II, 205. 
iculptili* (Miller), III, 98. 
Macrostyloorinos, 11,96,102; 111,102. 

fasoiatas, II, 103. 
faiibraohiatuf , III, 

102. 
Meeki, II, 103. 
oraatus, II, 103. 
striatal, II, 103. 
" stria tus(var.)gran- 

ulosus, III, 102. 
Xariaorinus, II, 96, 114, 118, 233; III, 

104. 
" augnstatus, II, 116. 

Carleyi, II, 116. 
Harris!, Ill, 104. 

mavropetnlus, III, 108. 
HobiliH$imu$, II, 122. 

obeonious, II, 116. 

" pachydactylu; II, 122. 

paucidactylu*, II, 122. 
penniyer, II, 233. 

plumosus, II, 116. 
ramosus, II, 116. 

etoloniftrv; II, 233. 
Martupiocrinoidea, II, 57, 63. 

Harsupiocrinus, II, 58, 63; III, 115. 
'< ccelatus, II, 63, 65. 

" dactylut, II, 205. 

depressus, II, 65. 

dubiu* f II, 63. 

prBmaturus, III, 115. 

pulober, II, 65. 
" radiatus, II, 65. 

" rugulosus, II, 65. 

tennesseensis, II, 65. 

tentaoulatas, II, 65. 
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Medusacrinug, II, 233. 
Megistoorinus, II, 96, 135, 233 ; III, 112. 

abnormit, II, 137. 

breviooraii, II, 137. 

ooneavus, III, 112. 

orassus, II, 137. 

deprcuu*, II, 137; III, 

112. 
Evansii, II, 137. 
Farnsworthi, II, 138. 
globosus, III, 112. 
in/eh'x, II, 132. 
Knappi, II, 138. 
latui, II, 138. 
marcouanut, II, 132. 
neoii, 11,233; III, 106. 
nodosus, II, 138. 
nodosm (var.) multide- 

ooratas, III, 112. 
Ontario, II, 138; 111,112. 
parviroitrit, II, 137. 

piloatas, III, 112. 
pUnu9 % II, 137. 
ragoiui, II, 138. 
spinosulas, II, 138. 
Whitei, II, 133. 
Meloorinids, III, 92, 101. 
Moloorinai, II, 96, 118, 233; III, 104. 
amphora, II, 155. 
angustatut, II, 116. 

bainbridgensis, II, 121. 
Benedeni, III, 104. 
Bigsbyi, II, 121. 

bretri radiatus, II, 121. 

Clarkei, III, 104. 
Chapuisi, III, 104. 
deoadaotylas, II, 121. 

fornicatus, II, 233. 

gerolsteinensis, III, 104. 
gibbosai, II, 121. 

globom; III, 104. 

granalatai, II, 121. 
hieroglyphioos, II, 121. 
inornatus, III, 104. 
Koninoki, III, 104. 
/«rt# (Goldf.), II, 121. 
lflBvil (F. Roemer), II, 122. 
moipiliformii, III, 105. 
nobilissimus, II, 122. 
nodosus, Hall, II, 122. 
obcouiciis, II, 116. 

obpyramidalis, II, 122. 
obsourus, III, 105. 
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Melocrinui oooidentalis, III, 105. 
Oehlerti, III, 105. 
" pachidaotylus, II, 122. 

" paueidaotylus, II, 122. 

" Pratteni, II, 122. 

" pyramidalis, II, 122. 

rigidus, II, 122. 
" Bculptut, II, 233. 

" speetabilis, II, 122. 

stellaris, II, 122. 
" typus, II, 122. 

" Yemeuili (Troost), II, 122 ; 

III, 105. 
" rernenttf (Oehlert), III, 

105. 
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verrucosus, II, 122. 
Volborthi, II, 123. 

Merocrinoidea, II, 180. 

Merocrinus, III, 191, 215. 

oorroboratUB, III, 216. 
ourtus, III, 216. 
typus, III, 216. 
Mespilocrinus, I, 41 ; III, 144. 

forbesianus, I, 42. 
granifer, I, 42. 
Kouincki, I, 42. 
soitulus, I, 42. 

Millericrinus, III, 294-297. 

punctatu*, III, 152. 
ecriptus, III, 152. 
Mycoorinus, III, 192, 272. 

" boletus, III, 273. 
Myelodactylu*, I, 146; III, 141. 
brae hiatus, I, 146. 
coiivohttua, I, 146. 
gracilis, I, 147. 
heterocrine, I, 147. 
interradiali; I, 147. 

Myrtilloorinns, III, 182, 185. 

<< amerioanus, III, 186. 

" elongatus, III, 186. 

Nauoorinus, III, 182, 184. 

" paradoxus, III, 185. 

Xematocrinu*, III, 268. 

" Wachsmuthi, III, 272. 

Neoorinoidea, II, 1 ; HI, 68, 73. 
Nipteroorinui, I, 55; III, 145, 188. 
" arboreus, I, 55. 

" Wachimuthi, I, 56. 

Ohiocrinut, III, 187, 203, 206, 208. 
" oonstrictui, III, 209. 
« laxus, III, 206, 209. 
cehanus, III, 209. 
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Ollacrinus, II, 184, 213; III, 99. 

bursa, II, 219. 

oaloaratus, II, 219. 

nsoellus, II, 219. 

mammillarii, II, 219. 

obovatus, II, 219. 

reticulata!, II, 219. 

robustui, II, 219. 

simplex, II, 219. 

ipinigerus, II, 219. 

tenuiradiatui, II, 219. 

tuberculosa, II, 219. 

tuberoius, II, 219. 

typus, II, 219. 
Onychocrinus, I, 53 ; III, 145. 

asteriaBformis, I, 54. 

di»ten»u«, III, 145. 

" diversui, I, 54. 

" exsoulptus, I, 55. 

maguus, I, 55. 
monroensis, I, 55. 
polydaotylus, I, 55. 
ramulosus, I, 55. 
(Ophiucrinu; Salter, 1852). 
( " Stangeri). 

( Ophioerinu; Semper, 1868, Neocrinoid). 
Ophiocrinu* (Aiigelin), 1, 62, 97 ; III, 188. 

" crotaluru*, I, 97. 

(Ophiocrinut CharU»wurth) t M. S., Ill, 
224. 

Oral plates, and oral plate, see 
summit plates. 

Pachycrinu* (Eichwald), I, 150. 

" uotatu$, I, 150. 

Pachylocri„H*, I, 105, 115; 111,232,239, 

242, 302. 
" arboreus, 1, 116 ; III, 242. 

« a«per,l, 116; 111,242. 

" floneinfitw, 1,116 ; III, 242. 

" latifrotu, 1,116; III, 242, 

liliifovntity I, 116; III, 

242. 
merope, I, 116; 111,242. 
paternn; 1,116; 111,242. 
perangnlatutf I, 1 16 ; II I, 

*24/. 
planobrachiatn* t I, 116 ; 

III, 242. 
BuhttqualiVf I, 116; III, 
242. 
Puchyocn'nu* (Billings), I, 145. 

crtiMtbrachiali*, I, 145. 
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Palssoorinoidea, I, 6, 30; 111,68,73,84. 
Palaeontological development, 
II, 38. 

Palteocrinu*, I, 79, 150. 

" ongitlatutf I, 85. 

" putchellut, I, 87. 

" rhombiferut, I, 87. 

" ttriatut, I, 87. 

PateUiocnnidtr, II, 100. 

Patellioorinni, II, 100; III, 102, 188. 

" ohiastodaotylns, II, 

101. 

" dnplioatns, II, 102. 

fulminates, II, 102. 

interradin*, II, 101. 

leptodaetylna, II, 101. 

pachydactylns, II, 102. 

pinnnlatns, II, 102. 

" plnmnlosns, II, 102. 

" pnnctnosns, II, 102. 

Parisocrinns, I, 105, 115; 111,191,221. 

" curtu; I, 115, 220. 

" intermedins, 1,115; III, 

221. 

" nerens, 1, 115; 111,221. 

" perplexns, I, 116; III, 

221. 

" qninqnangnlaris, 1, 1 15; 

111,221. 

radiatns,I,115;III,221. 

" salignoidens, 1, 1 15 ; III. 

221. 

tennibrachiatns, 1, 115; 

III, 221. 

Pelmatosoa, III, 74. 

Pendulocrimu, III, 278. 

(PeHtacrinu* antiquun, Eiohw.), column. 

" wtroeka, III, 260. 

( " lobatug, Eiohw.), column. 

( " pritcuH, Eichw.), column. 

Pentagon itt *, II, 233. 

Periechoorinites, II, 93; III, 106. 
Periechocrinns, 11,96, 127; III, 106. 
" ampins, II, 131. 

ttnnulatit9, II, 233. 

" articnlosns, II, 131. 

Baylii, II, 131. 
" brevimanns, II, 131. 

" Christyi, II, 132. 

" contain; II, 233. 

Egani, III, 106. 
" (jeomttricun, II, 233. 

tjlobotu*, II, 233. 
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Periechocrinns gotlandions, II, 132. 

grandiculatuM, II, 233. 

interradiatns, II, 132. 
iaevis (Portlook), II, 

132. 
" /*>*»• (Angelin), II, 233. 

Lindstromi, II, 132. 
longidigitatns,II,132. 
longimanns, II, 132. 
minor, II, 132. 
moniliformis, II, 132. 
multicottatus, II, 233. 
necis, III, 106. 
nnbilns, II, 132. 
ornatns, II, 132. 
pnloher, II, 132. 
pyriformis, III, 106. 
qninqnangnlaris, II, 

132. 
radiatns, II, 133. 
soanions, II, 133. 
sohnltiianns, II, 133. 
semiradiatns, II, 133. 
speoiosns, II, 133. 
tennidisons, II, 133. 
nrniformis, III, 106. 
Whitei, II, 138. 

Periecoefinoidea, 1 1, 130. 

Perisome, III, 6, 59. 

Pbialoorinns (Trantschold), I, 124; III, 
191, 253. 
patent, 1, 124. 

nrna, I, 118. 
Pkialttcrinui (Eichwald), I, 151. 
( " \m pre 9*119), oolamns. 

Phitlipocrintu, II, 119, 140. 

" caiyocrinoide; III, 112. 

Philocrinu; III, 187, 239, 241. 
eometa, III, 242. 
pelvit, I, 141, 151. 
Phimoorinus, III, 165, 169. 

Jonberti, 111,170. 
laevis, III, 170, 178. 
qninqnangnlaris, III, 
170. 

Pkurm'cocrinu», II, 105, 234. 

" •implex, II, 108. 

Physetoorinns, II, 96, 155; III, 113. 
" aaper, II, 157. 

" Copei, III, 113. 

" dilatatns, 11,157. 

" ornatns, II, 157. 

" 9ubventrico9M9, II, 157. 
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Physetocrinui ventrioosus, II, 157. 


Platycn 


Pionocriuu* 


, II, 105. 
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tt 


ajfiui; II, 107. 


tt 


tt 


elongatulu; II, 1 07; 1 11,1 05. 


tt 


tt 


farciM, II, 107. 


tt 


it 


pulchellM, II, 107. 


tt 


tt 


•implex, II, 108. 




Piiteriuidw 


, III, 165. 


tt 


Piioorlnui, 


Ill, 172, 186. 


a 


( " 


DUoni), catalogue name. 
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tt 


llagellifer, III, 174. 


tt 


it 


gommiformis, III, 174. 


tt 


tt 


ollula, III, 174. 




tt 


ornatus, III, 174. 


tt 


tt 


pilola, III, 174. 


tt 


tt 


pooillum, III, 174. 


tt 


tt 


tenneiseeniis, III, 174. 


a 


Platyorinida, II, 6, 64; III, 92, 114. 


tt 


Platyorinites, II, 58. 


tt 


Platyorinus, II, 58, 65; III, 114. 
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it 


aqualii, II, 70. 


tt 


tt 


alutaceu*, II, 234 ; III, 171. 


tt 


a 


americanus, II, 70. 


tt 


u 


anaglypticu*, II, 79. 


tt 


u 


anndixoni, II, 234. 


tt 


tt 


annulatut, II, 79. 


tt 
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anthelionte; II, 73. 


it 


tt 


armattu, II, 70. 


tt 


it 


are no s ui, II, 70. 


it 


tt 


a«p*r (Goldf.), II, 234. 


tt 




Ill, 172. 
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it 


asper ( M. and W.), II, 70. 


it 


it 


austinianus, II, 70. 


tt 


tt 


bedfordensis, II, 70. 


tt 


tt 


bloomJieldeu»i$ f III, 115. 


tt 


It 


bonoensis, II, 70 ; III, 115. 


tt 


it 


brevinodus, II, 70. 


tt 


it 


brevit, II, 79. 


tt 


it 


liuchii, II, 80. 


tt 


tt 


burlingtonenf is, II, 70. 


tt 


tt 


oalyoulus, II, 70. 
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it 


oanalioulatus, II, 71. 


tt 


tt 


oavus, II, 71. 


tt 


tt 


clytit, II, 75. 


tt 


( 


coelatutf Miillor = Mamu- 


a 




piocr.-calatut). 


tt 


it 


compretstu, II, 234. 


tt 


it 


contractu!, II, 71. 


ti 


tt 


contritus, II, 71. 


tt 


tt 


ooronatui, III, 115. 


tt 


tt 


oorrugatus, II, 71. 


it 
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decagoHut, II, 234 ; III, 


tt 




171. 


tt 



Platycrinui decoratut, II, 234. 

depreuu* (Austin), II, 80. 
depre»$u$ (Goldf.), II, 234. 
depreinu (Owen), II, 234. 
diadema, II, 71. 
ditooidenj (0. k Shum.), 

II, 71. 
dUcoideu* (Hall), III, 115. 
eboraoem, II, 71. 

echinatuM, II, 81. 

elegani, II, 71. 
elliptical, (Phill.)/II, 71, 

75. 
ellipticu* (Austin), II, 234. 
elongattu (Goldf.), II, 80. 
elongatus (Phill.), II, 83. 

emixralus, II, 71. 
eriensis, II, 71. 

czcavatui, II, 71. 
expanjui, II, 71. 
exieulptun, II, 80. 
cxtcrtHt, II, 70. 
fritillu; III, 171. 
frtmdotus, II, 79. 
Georgii, II, 71. 
OeroUteinentu, III, 171. 
gigas, II, 71. 
glyptui, II, 71. 
GoldfuMi, II, 234. 
granifer, II, 80. 

granosus, II. 72. 
grannlatns, II, 72. 

granuliferyt, II, 80. 

graphious, II, 72. 
Halli, II, 72. 
Haydeni, II, 72. 
hemispherions, II, 72. 
Huntttnllm, II, 234. 
inoomptui, II, 72. 
in*culptu9, II, 234. 
iu9ulari9, II, 80. 
inornatH9, II, 72. 
i»ter9capulan'9 f II, 80. 
laciniatus, II, 72. 
UrvigatH9, II, 234 ; III, 171 . 
laevis, II, 72, 75. 
Leai, II, 80. 
lodensii, II, 72. 
megattylm, II, 73. 

melo, II, 235. 

MiUeri, II, 235. 

minute, 11,235; III, 172. 

monroensis, III, 115. 
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Platyorinas mncronatus, II, 73. 
muellerianus, II, 73. 
multibrachiatus, II, 71. 
" muricatutf II, 79. 

" mycrostylus, II, 73. 

•' niotensis, II, 73. 

" nodobraobiatus (Hall, 

1858), II, 73. 
" nodobrachiatut (Hall, 

1861), II, 235. 
« nodotu*, II, 62, 235. 

"" nodulosus (Hall), II, 73. 

" nodulo»M (Goldf.), II, 236; 

III, 171. 
" nucleiformis, II, 73. 

" olla (De Ron. and Leh.), 

II, 73. 
« olla (Hall), II, 72. 

« ornatus (McCoy), II, 73. 

«• ornatu* (Goldf.), H, 81. 

" ornigranulus, II, 73. 

" Owtni, II, 74. 

" parvinodus, II, 73. 

parvulus, II, 73. 

parvus, II, 60. 

penicillus, II, 73. 

pentangularia, II, 235. 

" perasper, II, 73. 

" PhiUiptii, II, 80. 

" pileatua, II, 73. 

" pileiformis, II, 74 

" planus (0. and Shum.), II, 

74; III, 115. 

" plunut (Owen), II, 235. 

" plenus, II, 74. 

" pleuroviminut, II, 77. 

" pluniotus, II, 61. 

" pocilliformis, II, 74. 

" poculnm, III, 115. 

" Polydactyly, II, 235. 

prtematumtf III, 115. 

prsnuntius, II, 74. 

prattenanus, II, 74. 

Pratteni, II, 74. 
" pumilus, II, 74. 

punctatus, II, 74. 

pnnctobmchiatu» t 11,235; 
III, 119. 
<« piw?7/u«, III, 172. 

" quinquenodus, II, 74. 

" ramulo«u; II, 61. 

" regalis, II, 74. 

« retiariiu, II, 235. 



Platyorinas riohfieldensis, II, 74. 

roiaceus (Roemer), II, 60. 
ro$aceu9 (Goldf.), II, 80. 
mgosns (Miller), II, 74. 
rtigoiu* (Goldf.). Ill, 172. 
Saffordi, II, 74. 
Sarce, II, 74. 

tcaber, III, 171. 
icrobiculatu*, III, 171. 
seobina, II, 75. 
soulptus, II, 75. 
shnmardianas, II, M. 
( " riluriciu), basal plates, 

similis, II, 75. 
spinosns, II, 75. 
Mellaril ( Roemer), 11,81. 
(ttellaru, Eichw.),oolumnf . 
striates, II, 75. 

striobrachiatutf II, 71. 

subspinosus, II, 75. 
subspinulosns, II, 75 ; 

III, 119. 
tabulate, II, 235; III, 

171. 
tenneiteenrii, H» 85. 
Untaculatui, II, 65. 
tennibraohiatns, II, 75. 

triaconladactylus, II, 75. 
trijidu; III, 172. 
trigintidaotylns, II, 75. 
trunoatulns, II, 75. 

truncatusj II, 70, 
tnberoulatns (Miller), II, 

75. 
tuberculatum (Phil.), II, 80. 

tnberosns, II, 76. 

veatricotut, II, 81. 
verrucoiut, II, 74. 

vesionlosns, III, 115. 

veeiculue, II, 76; III, 115. 

vexabilis, II, 76. 

Wortheni, II, 76. 

Yandelli, II, 76. 
Platycrinoidea, II, 57. 
Pleurocrinu*, II, 67, 
Polypeltid*. Ill, 108. 

Polypeltea, III, 108. 

« granolatns, III, 112. 

Porocrinus, III, T6. 

PoterioorinidaB, I, 59; III, 186, 191, 

193, 229. 
Poterioorinites, III, 191, 234. 
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Potariooriniii,* 1, 62, 104, 120 ; III, 1Q1 , 

233, 234. 
( " abbreviate, syn. of 

Taxocr. brevidae- 

abnormi*, I, 117. 
mgina, I, 119. 
stmulnj, III, 234. 
mqualii, 1, 112. 
alfrnatut, I, 76. 
fangnloiui, I, 111. 
anomaloi, III, 234. 
araohnsBformis, III, 

234. 
« arbors, I, 116; in, 

242. 
« atper (Meek k Worth.), 

1,116; in, 242. 
cuper (Worth.), Ill, 237. 
atperatut, III, 242. 
Barriti, I, 85. 
bayenri*, 1, 119. 
bijugu*, I, 118. 
Butlli, I, 117. 
( " biplex), columns. 

Booktchii, III, 234. 
frruMritM, III, 237. 
briartu, III, 237. 
Burktti, III, 237. 
burtse/ormit, I, 128, 151; 

III, 242. 
eadueeut, I, 76. 
ealyculu*, I, 120. 
calyx (De Eon. & Leh.), 

1,131; 111,240. 
calyx (Hall), III, 234. 
earxnatu* (Meek and 

Worthen), 1, 116. 
earinatu* (Hall), I, 114. 
Catei, I, 76. 
cincinnatienrU, I, 76. 
fClarkei, III, 234. 
fClarkei (var.) alpha, 

in, 233. 
Clio, 1, 114. 
claytonenrU, III, 242. 
elytis (Worthen, p. 16), 

111,234. 

" clytis (Worthen, p. 25), 

III, 236. 
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Poterioerinu$ eoUtmbitntU, IH, 239. 

" toneinnu*, 1, 116. 

" eonicus (Phil.), 1, 120. 

( " eonicus, Biohwald) f 

" aonoidanj, 1, 120. 

" foornellianua, III, 234. 

" Coreyi (M. and W.), I, 

112. 

" Coreyi (Worthen), I, 118. 

« eorfcia, I, 112. 

" coxanu$, III, 237. 

" oraifimannj (McCoy), 

III, 235. 

" crasrimanu* (Eiohwald), 

1, 151. 

" foraiiuj, 1,111; m, 232. 

" crateriformi*, 1, 151. 

" erinmu, 1, 112. 

" cultidactylu*, 1, 114; III, 

237. 



tt 


curtui, I, 115, 191; III, 




220. 


tl 


cylindrical* (Hall) (inde- 




terminable.) 


tt 


cylindricu* (Hall), I, 78. 


it 


dactyli/ormit, I, 112. 


tt 


dactyloidc; I, 117. 


tt 


dactylui, I, 117. 


tt 


davuanui, III, 220. 


tt 


deeabraehiatut, I, 117. 


tt 


decadactylu* (M. & W.), 




1, 117. 


tt 


decadactylu* (Lyon and 




Cass), 1, 117. 


it 


delicatus, I, 113. 


tt 


deprfu; I, 119. 


tt 


dicKotomut, 1, 113. 


tt 


diffumu, 1, 119. 


tt 


dilatatu* (Hall), I, 133. 


it 


dilatatut (Schultse), 1, 96. 


tt 


divarieatut, I, 113. 


tt 


fdoris, I, 111. 


tt 


dudleyentit, I, 85. 


tt 


Dyeri, 1, 76. 


tt 


Egcrtoni, I, 48 ; III, 144. 


tt 


extensui, III, 237. 


tt 


enormii, I, 85. 


tl 


JUcellu*, I, 119. 


tt 


fiorealU y I, 128. 


tt 


fountainenrit, III, 239. 



1 Only the species marked with f are known to belong to the genus Poterioerinn* 
as restricted by us. The others are probably Poterioormitea, bat not sufficiently 
known to be referred to their proper place. 
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Poteriocrinus fusiformis (Hall), I, 151. 
" fusiformis (Roemer),I,7&. 

44 gsometricus,l,S6; 111,226. 

" Oibsoni, 1, 114. 

" graeilior, I, 119. 

" graoilii(McCoy),I,120. 

" gracilis (Hall), I, 76. 

" grandis, I, 118. 

" granuloma, I, 131, 151 ; 

III, 240. 
" gregarius, III, 239. 

« OurUyi, I, 114. 

« Haiti, I, 119. 

" hamiltonenris, III, 238. 

" hardinansii, 1, 120. 

" hemispksricus (Sham.), I, 

138. 
" hemisphsricus (Mttller), I, 

86. 
" Hoveyi, 1, 118. 

44 Huntsvillm, I, 113. 

" illinoiiieniis, III, 235. 

" impresius (Phill.), I, 

120; 111,234. 
44 imprsssus (MoCoy), III, 

232. 
( " imprsssus, Eiohw.), unde- 

terminable. 
44 imprsssus (Riohter and 

Unger), I, 151. 
" indiansnsie, I, 117. 

" indsntus, I, 120. 

44 inequidaotylus, III, 235. 

" intsrnodius, 1, 113. 

" iowensis, III, 237. 

" isacobus, I, 113 ; III, 164, 

233. 
" Jesupi, III, 235. 

" juvenis, 1, 119, 

" Kaskaskiensis, III, 236. 

" Keokuk, I, 113. 

" laBvieolui, 1, 120. 

" lasallensii, 1, 120. 

" latidactylus, III, 236. 

" latifrons, 1,116; III, 242. 

" lepidui, 1, 120. 

" liliiformis, I, 116. 

44 longidactylus (Auat.), I, 

114. 
44 longidactylus (Sham.), I, 

114. 
44 longidactylus (MoChef- 

ney), 1, 117. 
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Poteriocrinus lyriops, I, 119. 

" HcCoyanus, I, 131; III, 

233, 240. 
" maooupiensii, 1, 120. 

maerodactglus, 1, 117. 
vioniformu, I, 117; III, 
249. 
" meekianus, 1, 151. 

4t msrope, 1, 116. 

mespiliformis, I, 152. 
MilUri, III, 239. 
44 minim**, III, 235. 

" minutus, 1, 120. 

missouriensis, I, 114. 

montanasnsis, 1, 120 ; III, 
237. 
" multiplex, 1, 114. 

municipal**, 1, 152. 

nanui (M. A W.), I, 113. 

nanus (Roemer), I, 78. 

nana, I, 120. 
44 nauvooensis, III, 237. 

" ttereus, 1, 115, 120. 

" netUlrothanus, III, 220. 

uobilis, I, 52; 111,114. 

nodobraohiatut , 1, 120. 

Norwoodi, I, 114. 

" f notabilis, 1, 112. 

u nuciformis (Mo Coy), III, 

247, 248. 
" nuciformis (Fisoher), I, 

139. 
" nycteus, 1, 119. 

fobnnoui, 1, 112. 
occidentalis (0. and 
Sham.), Ill, 265. 
occidentalis (Worthen), 
III, 236. 
" okatcensis, III, 236. 

Orettes, III, 236. 
originariut, I, 118. 

fotterensis, III, 234. 
paohydaotylnj, 1, 120. 
parvus, I, 78. 
paternus, I, 116. 
patnlnj, 1, 120. 
peculiarit, III, 236. 
penicilliformis, III, 239. 
penioillus, I, 113. 

pentagonnj, 1, 121. 
perangulatus, I, 116; III, 
242. 
44 perpUxus, 1, 115. 



tt 



tt 



tt 



tt 



tt 



tt 



tt 

tt 
tt 
tt 
tt 
tt 
tt 
tt 
it 
tt 
it 
it 



328 



INDEX. 



Poteriocrinut phillipniunut, I, 131. 

" piriformi; I, 94 ; II I, 227. 

" plauobrachiatus, I, 116; 

III, 242. 

" pleia*, I, 119. 

" tplioatns,I,112; 111,232. 

" popenrit, III, 236. 

" potticiu, I, 77. 

" probo8cidiali», I, 114. 

" propinqutu, III, 236. 

" putillus, I, 113. 

" gut'ngtuingrtilartf, I, 115; 

III, 232. 

" radiatu*, I, 115 ; 111,232. 

" ramulo9U», I, 113. 

" randolphensitf I, 113. 

u rhenanu* t I, 152. 

M rhombifenu, I, 103. 

" richJieldeMis, III, 242. 

" ro6t*«tu«, I, 118. 

" ro$tratu», 1, 118 ; III, 233. 

" rngosns, 1, 121. 

" rutticellu$, I, 113. 

" talignoidetWf I, 115. 

" Salttri, III, 236. 

" Bcalarit, I, 120. 

u 9copariu9 t I, 113. 

" tculptus, III, 237. 

" similis, III, 235. 

" simplex, 1, 121. 

" 90lldu9, I, 112. 

« 9pinifer, III, 236. 

" apinobrachiatu* (Hall), I, 
123; 111,236. 

" 9pinobrackiatii9 (Worth- 
en), III, 236. 

u 9pinotni9 r I, 113. 

" t»pi"™> 1, 112. 

" fstellaris, I, 112. 

" Stimp9oni t I, 119. 

" 9ub&quali* t I, 116. 

" 9ubcarinntu9 t I, 113. 

" tubgracilit, I, 76. 

" 9ubimpre$aH9 f I, 113. 

" 9ubramulo9un, III, 237. 

" »ubtortuo9U9, I, 120. 

" ^tca^t, I, 114. 

" Talboti, III, 238. 

" tenuibrachiatu9, I, 115. 

" <eMuu/«cty/u« (M. k W.), 

I, 112. 
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tenuidactyhu(VI orthen, p. 
6), III, 236. 



Poteriocrinut tenuidactylus (Worthen, 

p. 10), III, 242. 
" tennis, 1,121; 111,233, 

238. 
" tenut99imu9 f I, 152. 

tentaculatwi, III, 242. 
thetyi, I, 114. 
( " tvmidif, 0. and Sh. = 

Aga99tzocrinu9). 
unicuM, I, 114. 
uma, I, 118. 
Van Hornet f I, 118. 
validns, III, 235. 
varian9 t I, 152. 
var90uvienti9 t III, 236. 
vtntrico9U9 y I, 133. 
venuahu, III, 236. 
verticelltu, I, 114. 
Wachtmuthi, I, 123. 
Wetherbyi, I, 118. 
Whitei, 1, 112. 
Wortheni, I, 121. 
zeae/ormi9 f I, 152. 
Pradocrinui, II, 128, 235. 

amphu, II, 131. 
Baylii, II, 131. 

Proximal plates or proximal 8, 

III, 47. 

Fterotoorinns, II, 58, 87; III, 120. 

aontns, II, 91. 

bifnroatns, II, 91. 

oapitalis, II, 91. 

ohesterensis, II, 91. 

ooronatns, II, 91. 
" orassus, II, 91. 

depressns, II, 91. 

protnberans, II, 91. 

pyramidalis, II, 91. 

rugo9U9 f II, 235. 

spatnlatns, II, 91. 
Ptyohoerinns, III, 99. 

annularis, III, 100. 

parvus, III, 100. 

prisons, III, 301. 

splendens, III, 101. 

{Pycnocrinidh, Piotet). 
Pycnocrinu9 f III, 102. 

Shafferi, III, 102. 

germanu9, III, 102. 

Pyonosaoous , I, 41 ; III, 144. 
" oostatns, I, 41. 

" nodnlosns, 1, 41, 

sorobionlaxis, 1, 41. 



tt 
a 
a 

tt 
tt 



it 

tt 
it 
it 

it 



it 
tt 
tt 
tt 



tt 
tt 



tt 



HYDE*. 



329 



u 
t* 
tt 
a 
tt 
a 
tt 

tt 

tt 



Pyxidocrinus, II, 14, 180. 

" prumientis, II, 180. 

Radials, II, 9 ; III, 10. 
Radial-dome-plates, II, 15 ; III, 

48. 
Reteoorinidae, III, 27, 88,91,94. 
Beteocrinua, II, 184, 186, 191; III, 94. 
tfaert,II,193; 111,94,96. 
oognatui, II, 193. 
fimbriates, IT, 193. 
gracilis, II, 193. 
magnificus, III, 94. 
O'Nealli, II, 191; III, 99. 
Pattersoni, III, 95. 
Bichardsoni, II, 193; III, 

94, 95. 
stellaris, II, 193. 
Respiratory pores, I, 11 ; II, 

51 ; III, 60. 
Rhaphanocrinus, III, 98. 

" subnodosus, III, 99. 

Rhodoorinidee, I, 5 ; II, 6, 180, 184; III, 

89, 92, 96. 
Rhodocrinites, II, 183, 203. 
Rhodocrinus, II, 184,209,236; III, 99. 
abnormis, II, 212. 
asperatus, II, 236; III, 

301. 
Barrisi, II, 212. 
Barrisi (var.) dirergens, 

II, 236. 
buna, II, 219. 
ealcaraUis, II, 219. 
canaliculate*, II, 236. 
ooxanui, III, 99. 

crenatus, II, 207. 
echinatus, II, 236. 
gigns, II, 236. 
globosus, II, 212, 
gonatodes, II, 212. 
gracilis, II, 212. 
granulatus, II, 236. 
gyratus, II, 236. 
Halli, II, 212. 
longispina, II, 212. 

ma mini liar it, II, 219. 
melissa, II, 205. 
microba»ilii, II, 190. 
mutabilis, II, 236. 
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nanus, II, 212. 
nodulosui, II, 212. 
piriformis, II, 190. 
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Rhodocrinus quinquaugularis, II, 236. 
quinquelobus, II, 197. 
quinquepartitus, II, 236. 
rectus, II, 236. 
•implex, II, 236. 
•pinosus, II, 212. 
stellaris, II, 212. 
tessellatus, II, 207. 
tortuosus, II, 236. 
uniarticulatus, II, 212. 
varsoviensis, II, 212. 
verns, II, 203, 212. 
▼esperalis, II, 212. 
Wachsmuthi, II, 213. 
Whitei, II, 213. 
Whitei (var.) burlington- 
ensis, II, 213. 

Wortheni, II, 213. 
Rhopaloorinua, I, 57; III, 176. 
" gracilis, I, 58. 

Ripidocrinui, II, 184, 205; III, 99. 

" orenatus, II, 207. 

Saccocrinus, II, 128. 

Christyi, II, 132. 
Egani, III, 106, 
necis, III, 106. 
ornatus, II, 132. 
pyriformit, III, 106. 
semiradiatus, II, 133. 
speciosus, II, 133. 
tennesseensis, II, 133. 
urni/ormis, III, 106. 
Whitfieldi, II, 132. 
Whitei, II, 133. 
Sagenocrinidst, II, 201. 
Sagenoorinus, II, 184, 201 ; III, 99. 
expansui, II, 203. 
gigauteus, II, 236. 
Soaphioorinui, 1, 106, 109, 1 12, 152; III, 

191, 232, 233. 
abnormis, I, 117. 
xgina, I, 119. 



tt 



tt 



tt 



tt 



tt 



a 



tt 



tt 



tt 



u 



tt 



tt 



it 



tt 



tt 



tt 


aqualis (Hall, 1859), I, 




112. 


tt 


stqualis (Hall, 1861), I, 




116. 


tt 


bayensis, I, 119. 


it 


briareus, III, 237. 


tt 


Burketi, III, 237. 


it 


earbonarius, 1, 123. 


it 


oarinatui (Hall), 1, 114. 
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carinatus (M. and W.), I, 
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Seaphioerinui olio, 1, 114. 

Coreyi, 1, 112. 

ooryoia, 1, 112. 

ooxanut , III, 237. 
" orineui, 1, 112. 

" ©ultidaotylui, I, 114; 

III, 237. 
" daotyliformii, 1, 112. 

decadactylu*, I, 117. 

delioatui, 1, 113. 
" depreinu, I, 119. 

" divaricatus, 1, 113. 

" dichotomus, 1, 113. 

« doru, I, 111. 

" external, 111,237. 

« fitcellut, I, 119. 

" Gibioni, I, 114. 

« Ourleyi, 1, 114. 

« Haiti, 1, 119. 

** hemitpherieui, I, 138; 

III, 254. 
" HxmtavillsB, 1, 113. 

" internodiui, 1, 113. 

« iowensia, III, 237. 

" isaoobui, I, 113; III, 

164. 
« juwnis, I, 119. 

« kaskaskiensis, III, 236. 

« keokuk, 1, 113. 

« lAtidaotylus, III, 236. 

« latifron*, III, 233. 

« liliiformii, 1, 116; III, 

242. 
" longidaotylui (Austin), 

1, 114. 

" longidactylu* (MoChes- 

ney), 1, 117. 
« lyriope, I, 119. 

maerooheirui, III, 237. 

macrodactylut, I, 117. 

macropUurus, I, 96. 

« McAdamri, I, 123. 

" misiourieniii, I, 1 14. 

" montanaenaii, III, 237. 

" multiplex, I, 114. 

" nanus, 1, 113. 

" nauvooensis, III, 237. 

« notabilU, I, 109, 112. 

" Horwoodi, 1, 114. 

" obsourut, III, 236. 

" oooidentalii, III, 236. 

" okawenaii, III, 236. 

" orbicularis, I, 138. 
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Seaphioorinui Oreitis, III, 236. 
penicillui, 1, 113. 
piktnsis, III, 237. 
popensia, III, 236. 
proboMcidialUf I, 114. 
propinquui, III, 236. 
puiillui, 1, 113. 
ramulosuj, 1, 113. 
randolphensis, 1, 113. 
ruetioelluf , 1, 113. 

rttdit, 1, 123. 
" 8alteri, III, 236. 

" tcalari; I, 120. 

" loopariui, 1, 113. 

" loulptui, III, 237. 

•implex, I, 123. 

lolidui, I, 112. 
" ipinifer, III, 236. 

" 9pinobrachiatu9 (Hall), 

I, 123. 

" ipinobraehiatui (Wor- 

then), III, 236. 

spinosus, 1, 113. 

&triatm, I, 123. 

liiboarinatui, 1, 113. 

eubimpreiiut, 1, 113. 

tubramulo$u$, III, 237. 
u ntbtortuotut, I, 120. 

" 8wallovi, 1, 114; III, 

235. 
" tentiidactyluB, 1, 112. 

thetya, 1, 114. 

tortuosut, I, 123. 
unions, 1, 114. 
▼ariovieniie, III, 236. 
venustus, III, 236. 
vertioellni, 1, 114. 

Wachtmuthi, I, 123. 

Whitei, I, 112. 

Bobiioorinui, II, 220. 

nodoiui, II, 221. 

striatal, II, 221. 
Scyphoorinus (Zenker), II, 123 ; III, 106 
" elegans, II, 124. 

Sq/phocrinm (Hall), II, 221. 

" heterocottalU, II, 221. 

Boytaloorinoi, I, 109, 116; III, 191, 

233, 237. 
" abnormal, 1, 117. 

" bijugui , 1, 118. 

Bisselli, 1, 117. 
daotyloides, 1, 117. 
dactylus, 1, 117. 
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Soytaloorinna deoadaetylna, 1, 117. 

deoabraohiatns, 1, 117. 
grandia, 1, 118. 
" indianenaia, 1, 117. 

" loreui, III, 238. 

" maorodaetylna, 1, 117. 

maniformiSf I, 117; III, 
249. 

originarina, 1, 118. 
roatratua, 1, 118. 
" robnatna, I, 118; III, 

238. 

Talboti, III, 238. 

tenuis, III, 238. 

nrna, 1, 118. 

Van Hornei, 1, 118. 

Waohamnthi, III, 238. 

Wetherbeyi, 1, 118. 
Semiarticulata, III, 69, 190. 
Sicyocrinna, 1, 62, 99 ; III, 188, 191, 224. 

" ononrbitaoena, 1,99. 

Spharoorinna (Roemer), 1, 83 ; III, 191. 
geometriona , I, 85. 

atellatua, I, 86. 

Spfutrocrimu (M. &, W.), II, 177. 

" cuncatiu, II, 179. 

Sphmroidocrinidee, II, 5, 53; III, 80. 
SphmroniUt, III, 244. 
Sphenocrinue, II, 236. 
( " obturu*), columns. 

Bteganocrinna, II, 96, 149; III, 113. 

araneolna, II, 151. 

oonoinnna, II, 151. 

pentagonal, II, 151. 

aonlptna, II, 151. 

Stelidioerinidie t II, 98. 
Stelidioorinitei, II, 92, 96; III, 101. 
Stelidiocrinna, II, 96, 98 ; III, 102. 

argntna, III, 102. 

capitnlnm, II, 99. 

longimanna, II, 99. 

lsBvit, II, 99. 

ovalif, II, 100. 
Stemxnatoerinna, I, 63, 141; III, 9, 187, 

191, 231, 255. 

" oernnna, 1, 142. 

" Trantacholdi, III, 

, 256. 

Stenoorinne, III, 187, 203, 206, 207. 

" bellvillentii, III, 208. 

" exilia, III, 208. 

" genionlatna, III, 208. 
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Stenoorinna heterodaotylna, III, 206, 
208. 
" heterodaotylna (var.)pro- 

pinqnna, III, 208. 
jnvenia, III, 208. 
Milleri, III, 208. 
" pentagonna, III, 208. 

" tenuii, III, 208. 

Stereoerinna, II, 96, 126; III, 105. 
" triangnlatna, II, 127. 

" triangnlatiu (var.) lira- 

tna, II, 127. 
Stephanoorinna, III, 282-293. 

" angnlatna, III, 293. 

" gemmiformii, III, 

293. 
" grationu, III, 293. 

" oegoodeneU, III, 293. 

( " pentagons, Hall (Mil- 

ler), is a Coda$ter). 
« pulchellue, III, 293. . 

Stomatoorinoidea, 1, 22 ; II, 1, 53 ; III, 69. 

8torthingoorinni, III, 171. 

deoagonni, III, 172. 

flritillna, 111,172. 
« trifidna, III, 172. 

Strotocrinna, 11,46,96,158; 111,113. 

aaperrimutf II, 142. 
mgxlopty II, 148. 
bloomJUlcUnris, II, 160. 
eetypuM, II, 143. 
erodiu, II, 149. 
" glyptna, II, 160. 
%H*culptu§ f II, 149. 
liratui, II, 149. 

" pernmbroana, II, 160. 
regalia, II, 160. 
aubumbronu, II, 149. 
" tenuiradiatu*, II, 149. 

" umbrotue, II, 149. 

Streptoorinna, III, 191, 224, 302. 

" orotalnma, III, 224. 

(Stylida Roemer), 1853. 

Styloerinna, III, 171, 302. 

" ecaber, III, 171. 

" tabnlatna, III, 171. 

" tabnlatna (var.) alta, III, 

171. 

" tabnlatna (var.) depreaia, 
171. 

Summit plates, III, 44. 

(Sycocrinut AuHin (Bigeby). 
( " anopeptamtnua). 
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(Sycocrinu* clautue). 
( " Jaokitoni). 

Bymbathocrinid©, III, 154, 157, 165. 
Symbathoerinui, 111,166. 

brevii, III, 169. 

oonicus, III, 169. 

dentatui, III, 169. 

granulatue, III, 166. 

granuliferuf , III, 
169. 
" matutinus, III, 169. 

« Oweni, III, 169. 

" papillatui, III, 169. 

« robustui, III, 169. 

" 8wallovi, III, 169. 

" tabulate, III, 166, 

171. 
" tabulatu* (var.) alta, 

III, 171. 
" tabulatu*{v&r.)depres- 

*u», III, 171. 
tenne$*eK, III, 166. 
tennenteensU, III, 166, 
174. 
" Wach§nuithi(M.and 

W.,1866),III,169. 
u Vfachimuthi (M. and 

W.,1869),III,272. 
" Wortheni, III, 169. 

Synyphocrinus, III, 252. 

" cornuttu, III, 253. 

SyringocriniMp II, 2.37. 

" paradoxus, II, 237. 

Talaroorinui, II, 58, 85; III, 120. 
oornigerns, II, 87. 
elegans, II, 87. 
ovatus, 111,120. 
sexlobatus, II, 87. 
symmetrious, II, 87. 
Taxocrinidtt, III, 141. 
Taxocrinui, I, 43; III, 144. 
affinit, I, 48. 
Auttini, I, 50. 
Beyrichi, III, 144. 
brevidaetylui, I, 48. 
oommunis, I, 48. 
ourtui, III, 144. 
dieteneue, I, 50. 
" Egertoni, I, 48; III, 14, 

144. 
•' elegant, III, 144. 

excavatuif I, 50. 
expansus, I, 50. 
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Taxoorinnj Fletoheri, III, 144. 
Giddingei, I, 48. 
graoilii (M. and W.), 1, 48. 
gracili* (Sohultse), I, 58. 
inourvus, I, 48. 
interscapulars, I, 48. 
ithacensis, III, 144. 
juglandiformis, I, 48. 
juvenis, I, 49. 
Kelloggi, I, 49. 
laBvii, III, 144. 
lobatns, I, 49. 
lobatns (var.) tardus, 1, 49. 
maorodaetylui, I, 49. 
Meeki, I, 49. 
multibraohiatui, I, 49. 
nobiUi(Phill.),III,144. 
nuntius, I, 49. 
oligoptylua, III, 144. 

oblongata*, I, 51. 

Orbignii, I, 40. 
" ovali$t I, 51. 

" polydactylu*, I, 55. 

priecut, III, 144. 

punctatutf I, 51. 

ramuloiui, I, 49. 
rhenanni, 1, 49. 

rigene, I, 51. 
Salter i t I, 51. 

semiovatus, I, 49. 
•humardianus, I, 49. 
•implex, I, 153; II, 108. 
tetteracontadactyltu, 11,108. 
Thiemei, I, 49. 
Thiemei (var.) ipinifer, I, 

49. 
tuberoulatus, I, 49. 
tHhuliferu*, I, 51. 
Whitfieldi, I, 49. 
Technoeriniii, 11,96, 116; III, 104. 

Andrews!, II, 117. 

$CHlptU9 } II, 117. 

ipinulosus, II, 117. 

$triatu$, II, 117. 

Teleioorinni, II, 96, 146; III, 113. 
« aegilops, II, 148. 

" althea, II, 148. 

11 olivosus, II, 149. 

erodui, II, 149. 

insoulptus, II, 149. 

liratm, II, 149. 

rudii, II, 149. 

tenuiradiatui, II, 149. 
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Tele iocr inns nmbroint, II, 149. 
Terminology, I, 26. 

Tc**ellat<t, III, G9. 
Tetraiiierocn'nite*, II, 237. 

" furumnn*, II, 237. 

Thaumatocrinus, III, 5, 56. 
Thylacoorinus, II, 184,207; III, 99. 

Vanioti, II, 208; III, 
99, 301. 
Thymwu'rinu*, II, 198. 

aculeatu*, II, 237. 
cftnalii ulatit*, II, 237. 
immatuniMf II, 199. 
tiliiformi* t II, 199. 
microhuHilis, II, 190. 
pyrif urutiii, II, 190. 
Trematorrinu8, II, 213. 

JtMcellu*, II, 219. 
papit/atim, II, 219. 
reticulattts, II, 219. 
robiistut, II, 219. 
*pinigent9 t II, 219. 
tttberculotn*, II. 219. 
ty/>*/«, II, 219. 
Triacrinui, III, 172, 174. 
altus, III. 175. 
depresws, III, 175. 
granulatus, III, 175, 302. 
pyriformii, III. 175, 302. 
Tribrachiocrinus, III, 191, 250. 

Clarkii, 111,251. 
oorragatusJII, 251 . 

Trichorrhm*, III, 174. 

ttffu*. III, 175. 
<Irjnr*Mit*, III, 175. 
Triplnrlcrinite*. II, 237. 
Trovfn,crinfte*, II, 128. 

" yothiutlivu: II. 132. 

" /wr/*. II, 130,132. 

Tvrbhiorrhiiin, II, 237. 
TryblincHuH*, II. 237. 

Uintacrinus, III, 5. 
Underbasals, I, 16-21; 11,7; 
111,6. 

L'periicriuiiHf II, 162. 

" pimiUifurHti*, II, 167. 

pittilht*, II, 167. 
" pytifuntti*, II, 167. 

Vasocrinus, I, 62,94; III, 191, 224, 
dilatatui, I, 96. 
•' Lyoni, I, 96. 

'* maoropleurus, I, 96. 

14 
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Vaaoorinui loulptui, I, 96. 

" valeiii, I, 96. 

Vault, I, 14; III, 27, 30. 
Woodoorinus, 1.63. 124: III, 191, 239. 
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arboreua, III, 242. 


tt 


atper, III, 242. 
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asperatua, III, 242. 


it 


burifleformii, III, 242. 


tt 


olaytonenaia, 111,242. 


tt 


cometa, III, 242. 


It 


oonoinnug, III, 242. 


tt 


coxanus, III, 302. 


tt 


elegant, III, 242. 


tt 


Keokuk, III, ayn. of 




Woudoer. Keokuk. 
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latifrons, III, 242. 
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liliiformig, I, 116; III, 




242. 


tt 


maorodaotylus, I, 125; 




III, 242. 


tt 


merope, I II, 242. 
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patemut. Ill, 242. 


tt 


perangnlatni, 111,242. 


tt 


planobrachiatni, III, 




242. 


tt 


ramoaui, III, 242. 


it 


riohfieldentii, III, 242. 


it 


aoobina, 111,242. 


tt 
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aerratua, III, 242. 


! « 
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inbaqualii, III, 242. 


tt 


tentaoulatui, III, 242. 


tt 


troottanni, III, 242. 


Zeaorinui 


, I, 63, 125; III, 191, 232, 




239, 243. 
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acatttJtophorwt, I, 131. 
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arbuteu*, 1, 116, 128; 111,242. 


tt 


armiyer, I, 131; III, 245. 


tt 


a*prr, I, 116; III, 242. 
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Beyrichi, III, 144. 
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bifnrcatni, III. 243. 


tt 


bt„**formi* t I, 128; III, 245. 


tt 


ca/yx, III, 233, 240. 


u 


cariirifent*, I, 133. 


tt 


oompaotylut, III, 243. 


u 


concitnimt, I, 1 16; III, 242. 


tt 


coxann*, III, 302. 
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depre**n*, I, 131. 


tt 


d incut, I, 131. 


t* 


eleyau*, 1,128; 111,241,242. 


tt 


exatvatu*, I, 50. 
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Jiorenlis, I, 128. 


tt 


fnrmotu*. I, 138. 
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im prelim, III, 233. 
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Zearrintt* 


intermedin*) I, 128. 


Zeacrinn* 


*t 


/y/vi, I, 133. 
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tt 


MeCvyann*, III, 233, 240. 
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tt 


magnolisBformii, I, 128; 








111,240,243. 




<< 


It 


manifurmi; 1,117; 111,249. 




«< 


ft 


merope, I, 11 C; III, 242. 
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.Voori, III, 249. 




« 
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mncrotpinu*, I, 131. 




<i 


«« 


nodosa s, III, 243. 




<< 


• ( 


orbicularis, I, 138 (over- 








looked in Pt. Ill, p. 243). 
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«• 


ovalif, 1,129; 111,243. 




<< 
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patemu*, I, 116; III. 242. 




<< 


<< 


permifjnlatn*, 1, 1 10 : III. 242 




• « 



Phillip*,; III, 233, 240. 
pikeu*i* f III, 237. 
plannhrachiatH*, I, 1 1 6 ; III, 

242. 
rumtnm*, I, 129; III, 242. 
ancculu*, I, 129. 
icobitm, I, 129; III, 242. 
tcopariu*, I, 129. 
terratn*, I, ,129; III, 242. 
*pinn*u* (0. and Shum.), 

imdotcrminablc. 
Sti'mjtHoiii, I, 119. 
anbtnmidu*, I, 139. 
tr<»mtnnu*, I, 129; 111,242. 

H'orMmi, I, 129; III, 243. 



Total number of genera recognized, 15f>; species, 1,276. Of 
the genera, 61 were found exclusively in America, 48 exclusively 
in Europe, 46 on botli continents, 1 exclusively in Australia. Of 
course we do not claim, and it could hardly be expected from a 
general work like this, that all the species which we have placed 
in our lists, and referred to their genera, actually are good species. 
There are, in our opinion, many more synonyms ; while, on the 
other hand, there exist a great many undescribed forms. We 
alone have in our collections not less than one hundred new spe- 
cies, which will be described and amply illustrated hereafter in a 
Monograph on the Paheocrinoidea of North America. 
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